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PREFACE TO THE THIRD EDITION. 



The second edition of the Treatise on Warming 
AND Ventilating Buildings having been for some 
time out of print, it has become necessary to pre- 
pare a Third Edition, to meet the inquiries made 
for it ; as this still continues to be the only work 
which treats at large upon the principles of heating 
buildings by Hot Water, and the general appli- 
cation of this invention to the numerous and 
varied purposes to which it is applicable. 

Other authors, indeed, have availed themselves 
somewhat too largely of the pages of this Treatise, 
and without permission have transferred not only 
whole paragraphs, but very many entire pages, to 
their own works; and that, too, with only such 
partial acknowledgment, that many of the parts 
so borrowed have been again quoted as the pro- 
duction of thfe borrower, without recognition of 
the real author. As the originality of some parts 
of the following Treatise might, therefore, appear 
doubtful to those who now read them here for the 



Bttt 6m6, H hiay be wefl to state that the Grst 
editioD of this work was pnblisfaed in 1S37, and 
that, though gn?atly enlarged in both the later 
editions, the original parts remain exactly as tbey 
were written in the first edition ; and the lapse of 
eighteen years has not rendered it necessarr to 
alter them in the slightest d^^ree, as they are Sfill 
as correct, and as mnch to the purpose, as wfien 
they were first written. 

The present edition will be foiind to contain 
some considerable and useful additions. They are 
almost entirely of a practical character, being prin- 
cipally additional remarks on such parts of the 
subject as have either occurred to the Author, or 
have been pointed out as requiring further expla- 
nation. The object which has been aimed at has 
been to render the work as clear as possible to 
practical men, ^vhile, at the same time, it should 
not be below the notice of those who might desire 
cither to acquaint themselves with the scientific 
principles of the invention, or with the general 
bearing of the subject, on the health, the comfort, 
the physical development, and even the duration 
of life of a large portion of the human race. The 
effects of unwholesome air on the animal economy 
from imperfect ventilation, and deleterious methods 
of prwiucing artificial warmth, is a subject which 
has hitherto excited far too little attention. The 
laws which connect man with the physical universe 
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^a^p qfj^fi^y., higher generalization than many are 
,ifjclir^4' jtq, believe : they, bind, togeljher not alojne 
,t)\pilp^^^ovf^rx^ Q,f o^r pwp worjd, but pf th^ entire 
^pji^enal Lfniverse ; and yet, mankind vainly suppose 
t;hey,x?an act^ as they please with relation to these 
ipi^ujtable laws,— that they can fashion thern to 
their^Qwn will, and to their own imagined wants ; 
^^, instead, qf endeavouring to make theniselyes 
more thoroughly acquainted with these laws, 
devised by Unerring Wisdom for the universal 
gppd:r,they chpose rather to act either in direct 
opposition, pr, at least, in total neglect of those 
g;r^at.|:n^hs which philosophy has been permitted 
tp discover and unfold. But it is certain that they ' 
.cai^i;^ .with impunity neglect the great truths 
,^bich. jdiysiology disclose^; nor can they place 
^h^pisjely^e3 in opposition to those fundamental laws 
whip^x^bind together the whole physical universe, 
,witihput. entailing upon themselves the penalties 
which, the Great Author of those laws has made 
jljllie, hiiseparable condition of their infringement 

,,,i^jt; is hoped the following pages have placed this 
..npi^ter. in a clear point of view, in a sufficiently 
pppuli^. manner, C. H. 

'ooJjtON'WHA^F^ EaJKL-STREET, BlACKFRIARS. 
, , . . , London^ Jany/xry^ 1855. 
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PREFACE TO THE SECOND EDITION. 



A new edition of the Treatise on Warming and 
Ventilating Buildings being called for, advantage 
has been taken of this circumstance to extend and 
improve the original work as much as possible. 

Notwithstanding the numerous improvements 
which have been inade in the hot-water apparatus, 
since the publication of the first edition of this work, 
there appears to be nothing either to reject or to 
alter in that edition, though there is much which 
can vnth advantage be added to it. The present 
edition contains more than twice as much matter as 
the original work ; but all that was therein given 
is still retained in the present volume, the additions 
being not necessary for correction, but merely for 
further illustration. 

The principal object of this work being strictly of 
a practical character, the most simple definitions 
which were possible have been adopted in explaining 
the various subjects brought under consideration. 



But the dciiciencios which the more scientific class 
of readers might thus discover, have, it is hoped, to 
some extent been remedied, by copious notes on 
many points of scientific interest^ and still more 
extensive references to other authors, whose works 
treat upon any of the numerous subjects which 
are discussed in the following pages. By these 
means the work is rendered more useful to practical 
men, who require only simple facts, in the most 
concise form; while to the scientific inquirer suf- 
ficient ijifonnation is afforded to enable hira at once 
to refer to the best sources of information, in order 
to test the correctness of the reasoning on which 
the conclusions are founded. 

Since the pubUcation of the first edition of tiiis 
work, ample opportunities have occurred for testing 
in every variety of form the accuracy of the rules and 
calculations which were there given, for constructing 
and apportioning the hot-water apparatus to tlie 
varying circumstances under which it is applied. 
Tlie most important of the calculations are those on 
the heated surface required to warm a given building, 
and the proper size of the boiler and the furnace. 
The data on which were founded the ndes and 
tablesfor calculating these proportions were carefiilly 
compared, both experimentally and practically ; and 
the extensive use which has been made of these Tides, 
with perfect success, leaves no doubt whatever as 
to their complete accuracy. 



•vi.lj;,, ^i,e present work thi.ro liave been incorpo- 
ruted several papers by the author on various 
correlative subjects, which have been read before 
the Institution of Civil Engineers ; and also the 
author's articles on "Stoves" and "Ventilation," 
published in the Escyclof/EDia Metropolitana. 

'*''"In treating on Ventilation, the causes of the 
important pliysiological effects wliich result from 
breathing impure air have been investigated at 
considerable length ; and also the effects produced 
by various methods of heating buildings. It is not 
expected that the present attempt to elucidate this 
subject, will assist in any considerable degree, to 
correct the extraordinary neglect with which this 
ihipbrtant branch of practical science has always 
been treated. The complete coiTection of this evil 
will necessarily be extremely slow, and must follow 

-the general diffusion of intelligence, and the ex- 

'ttension of scientific knowledge. But, in however 
slight a degi'ee the observations in the present 
work may tend to accompHsh this object, and to 
draw attention to the facts connected with it, the 
attenfrpt to illustrate the philosophical principles 
bf this important branch of science will probably 

'life'regarded as not without its utility. 

■"''■The' cliapter on the Chemical Constitution of 
Coal and the Combustion of Smoke will, it is 
hoped, give a correct view of llie principles on 



which the combustion of smoke may l>e combined 
with far greater economy of fuel, than at present 
obtains by the usual most imperfect methods of 
burning bituminous coal. Several most important 
errors appear to be prevalent on this subject ; and 
the inventors of some of the projects for con- 
suming smoke have contributed not a little to the 
spreading of popular errors, arising either from the 
want of a correct knowledge of the true chemical 
principles of combustion, or from a desire to 
exhibit more prominently the advantages of their 
own peculiar inventions. The true principles of 
combustion can be applied to furnaces in a variety 
of ways, and as it is probable that some legislative 
enactments will be made for the purpose of abating 
the nuisance of smoke, the remarks on this subject 
will show that it is directly to the interest of the 
proprietors of furnaces to consume the smoke, and 
that no conesponding disatlvantages will attend 
the operation. 



Earl-htreet, Blackfriaks. 
Jv3y, 1844. 
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PRACTICAL TREATISE, 



ETC. 



PART FIRST: 

ON WARMING BUILDINGS BY HOT WATER, AND ON THE 

LAWS OF HEAT, ETC. 



TNTRODXJCTIOK 

The practice of employing hot water, circulating 
through iron pipes, for diffusing artificial heat, is 
an invention of acknowledged utility. The present 
extensive and extending use of this invention ren- 
ders it extremely desirable that its principles should 
be clearly defined, and the rules for its practical 
application laid down with . precision ; for without 
this knowledge its success will be uncertain, its 
application limited, and its results unsatisfactory. 

It can scarcely excite surprise, that prejudices 
should formerly have existed against this invention, 
while its merits and its principles were alike im- 
perfectly known. Even at the present time they 
are but partially understood; and, therefore, to 
investigate these two subjects, is the proposed 
object of the present treatise, with the view of faci- 
litating its application, and extending the sphere of 
its utiUtv. 

B 



INTRODUCTION. 

There is scarcely any branch of science, pifi of 
art, in which an acquaintance with the laws of 
Nature does not enable us to derive greater advanv 
tages in its application tlian we could otherwise 
possess. There is no art, however humble, iq 
which aknowledge of the laws that regulate matter, 
does not open a wide and extensive field of usefij 
improvement; and no man can hope to advance 
the sphere of useful invention, in any considera^blc 
degree, without some knowledge of the principles 
on which it depends; and having this knowledge 
he may — to use the words of a well-known wiiter 
— "if he have only a pot to boil, be sure to leam 
from science lessons which will enaljle him to 
cook his morsel better, save his fuel, and both 
vary his dish and improve it." And although it is 
true that we are still ignorant of the more subtile 
agents which exist in the vast chain of causation, 
the laws which regulate the various phenomena of 
Nature are sufficiently known to afford the mo8t 
beneficial assistance to every branch of the arts 
and sciences : and the most recondite of scientific 
discoveries, as well as the most valuable inventioq* 
and improvements in the arts, are not more deraonr 
strative of the truth of this assertion, thau those 
which are the most simple and inartificial. 

For an illustration of the utility of this knoisfr 
ledge, we may refer to tlie law of gravity ; not 
only because it is, of all natural phenomena, the 
most constant in its operation, and the most 
universal in extent, but because its influelic*! i? 
closely connected with the present subject of 
inquiry. ,.j 

That all falling bodies gravitate with the ssstm 
velocity, and, therefore, descend through a certain 
definite space in a given time, is, we know, an g^clf, 
of which gravity is the cause. It is on the operatipj^ 
qf this invariable law, that many of our most 
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■Valaable inventions depend. Its influence is 
equally exisrted on all objects; as well the mo^ 
dissunilar, as the most alike ; as well the most 
mighty, as the most minute. It is this which gives 
stability to the grandest productions of Nature, as 
■well as to the most minute or artificial of our own 
Works; it is from this cause that we obtain the 
unerring action of our pendulums and clocks ; and 
it is by this we obtain the circulation of hot water, 
with which we warm our dwellings. But by a 
knowledge of the cause of these effects, of the 
extent of its operation, and of the laws by which it 
acts, we can, by varying the circumstances of a 
gra\'itating body, alter also the velocity of its 
descent. We accomplish this by bringing other 
causes into operation, which modify the result, 
notwithstanding the immutability of the laws of 
gravity : and thus, by a knowledge of the physical 
laws, we can modify and subject to om- will, one of 
the most constant and universal agents in Nature. 

The study of the laws which govern natural 
phenomena — which in all cases are so simple, so 
beautiful, so perfect — is, therefore, one of the most 
fniitful sources of inquiry which the mechanician 
can pursue. It opens to him new fields of useful 
inquiry ; new applications of known inventions ; 
new and simpler means of accomplishing known 
effects. And wMle it points to improvement in 
every direction, it restrains the judgment from false 
principles; for where it exists not, it is almost 
certain that tlie plans of the mechanician will either 
be only modified copies of existing inventions, or 
they will degenerate into wild speculations, unsup- 
ported on any reasonable foundation. 

This is particularly observable in the case before 

us. The numerous feilures which have occurred iu 

the practical application of the invention of heating 

buildings by the circulation of hot water, are alt 

B 2 



distinctly referrible to the want of this kind .of 
liuowlet^e, and not to the object aiint-d at boing 
itself unattainable. For whenever tlie physical 
laws are intended to be employed as the priiidiipal 
agents in producing any mechanical effect, it; is,** 
indispensable condition that simplicity of action be 
kept in view. Wliile it may further be observedi 
that the endeavours to trace and elucidate tiie 
operating causes of the various phenomena, which 
occur in the course of practical experiments, are 
the surest means of facilitating original discuveriesj 
as well as of promoting new adaptations of recog" 
n^ed principles. 

The origin of the invention of employing hot 
water fox diffusing artificial heat appears to be hid 
ia considerable obscurity. It is not improbable 
that, like many other discoveries, it has been ror 
produced at various periods. It seems, however; 
to. have been first used ui France by M. BonueraaiH* 
in the year 1777, and was employed by liim during 
several yeaj-s for hatching chickens by artificial 
heat. About the year 1817, the Marqnis de Cha^ 
bannes employed a similar apparatus for heating, ft 
conservatory m this coimtiyjandthe following yeBK 
he published a pamphlet describing the apparatys 
and its application to different purposes. About 
the year 1822, Mr. Bacon and Mr. Atkinson both 
experimented on an apparatus somewhat different 
from those already mentioned ; hnt.it was the la>tt6T> 
who, undoubtedly, first gave to the apparatus, tiaw 
aj'rangement under which it is now generally used 
in its most simple form. i . , i r-.-i 

The honour of this invention has been cl!UBi«4. 
for Mr. Watt, prior to the time ot M. Bonnenlain' 
u^ng it in France; but there ap]3ear no grounds 
for aupposuig he ever employed it without the inr 
tervention of steam, as a distributor of heat by cir- 
culation, in the manuer in which it is now used. 



The mere motion of hot water in pipes is an inven- 
tion of far greater antiquity than the time either of 
Watt or Boniiematn. Seneca has accurately de- 
scribed the mode of heating the water in the 
Thernvpe of Rome, of which Castell has given draw^ 
ings ;* and which show that tlie method of heating 
baths by passing the water through the fire in a 
GOil of pipes was known and practised previous tC» 
the Cliristian era : and except that the tubes weije 
of brass, instead of iron, they were precisely siwiilar,' 
both in form and arrangement, to those used iit the 
present day for the like purpose ; the lapse of nine- 
teen centuries having apparently added nothing to 
&oit knowledge on this subject. 
: Smce the first introduction of the hot-water 
apparatus for wanning buildings, the variations 
made in its more complicated arrangements appear 
to have been very gradually adopted. Each time 
that an apparatus has been erected, the experi- 
mentalist has deviated in some small degree from 
the model of that which preceded; apparently afraid 
of venturing on too great a variation, yet requiring, 
from contingent circumstances, some alteration of 
its form and application. This mode of proceed- 
ing, though natural while the principles were not 
thoroughly understood, has frequently led to both 
ineonvenience and loss, in consequence of the 
numerous failures to which it has given rise, by 
unintentional deviations from the principles. In 
the present attempt to elucidate the subject, it will, 
however, be shown that success needs not be un- 
certain, provided only that the laws of physics be 
justly aj^hed and strictly adhered to. 
' So numerous have been the failures which have 
occurred in this method of heating buildings, that 
nothing but the intrinsic merits of the invention 

^'Cfeat'teU'w " llliislratioiia of the Villas of the Ancients," p. 10. 
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eoold posflibly have made it retain its hold on the 
public favour. Every imagiiiable kind of mistake 
tias been made in apparatus erected on this prin- 
ciple; and these mistakes still continue to be made 
38 frequently as ever, notwithstanding the vast 
number of buildings in which it has been success- 
fully applied, and which might be consulted for 
correct information. 

Neither the capabilities of this niethod of warm- 
mp, nor the various useful purposes to which it is 
Rpplicable, are even yet fully appreciated. There 
are no buildings, however large, to which it cannot 
be advantageously adapted, nor any that present in- 
siirmniintalile difficulties in its practical application. 
And in many useful purposes connected with arts 
and manufactures, it can be most advantageously 
employed, though its application to these purposes 
baa hitherto been greatly overlooked. Its merite, 
howevdr, will best appear by the plainest state* 
mcnt of facts. We shall proceed, therefore, at 
once, to the main object which has been proposed 
— an investigation of the piinciples of tliis inven- 
tion, as applied to the wanning of buildings. 




CJftnpe .6f. Oiroulatiou of the Water — Indinatiofi of the Pipea — 

, j.SeMssity for Air- vents — Open and Cloae Boilers— PreSBura 

of Water — Effect produced on the Circulation by mcreased 

'' '/'Sdght of tho Pipe— Compression of Water — Brand) Pipes 

-! <: -WVariaJaons in Level of Pipes. 

(Art. 1.) In endeavouring to explain the prin- 
ciples of the various forms of apparatus in which hot 
water, circulating through iron pipes, is employed 
as a means for distributing artificial heat, the Arst 
object should be to point out, as cleai'ly as possible, 
the power which produces the circulation of the 
water ; for without a clear perception of tliis part of 
the subject, there will always be an uncertainty as 
to the results which will obtain, when any departure 
is made from the most simple form and arrangement 
of the different parts of the apparatus. It is this 
circulation which causes all the water in the appa- 
ratus to pass successively througli the boiler, and 
then communicates the heat that is thus received 
from the fiiel, to the various buildings or apartments 
which it is designed to warm. Without this circu- 
lation, those parts of the apparatus which are remote 
from the fire would not receive any heat; because 
water is so bad a conductor, that it is only when there 
exists peifect freedom of motion among its particles, 
that it acts at all as a conductor of heat, so far, at 
least, as regards any practical and useful eifect. It 
is in a complete and perfect circulation, therefore, 
that the efficiency of a hot-water apparatus depends. 
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and that the greatest amount of beat is obtained by 

it from a given qoanrity of (ucL 

(2.) The only treatise hitherto published, in which 
any atb?mpt has been made to explain the cause of 
the circulation of the water in diis description of 
apparatus, ib Mr. TredgoWs work on hearing by 
steam ; and the effect is there referred entirely to an 
erroneous cause. In the Appendix to that work, the 
cause of motion is thus explained. ** If the vessels 
A, B, and pipes, be 6lled Fio. I. 

with water, and heat be 
applied to the vessel a, the 
effect of heat will expand 
the water in the vessel a, 
and the siuiace will, in 
consequence, rise to a higher level a d, the fonner 
general level surface being b h. The deiLsity of the 
fluid in the vessel a will also decrease in consequence 
of its expansion ; but as soon as the column e d 
(above the centre of the upper pipe) is of a greater 
weight than the column/ e, motion will commence 
along the upper pipe from a to b, and the change 
this motion produces in the equilibrium of the fluid 
will cause a corresponding motion in the lower pipe 
from B to A." 

(3.) Now it is certain that this theorj' will not 
account for the circulation of tlie water, under all 
circurastancesy and every variety of form, of the 
apparatus ; and as the cause of motion must be the 
same in all cases, any explanation which wdl not 
apply universally must necessarily be erroneotis. 
Were this the true cause of motion, there would he 
no difficulty in obtaining a circulation in all cases ; 
for, according to this reasoning, whenever the level 
of the water is higher in the boiler than in the pipes 
— or even if an upright pipe were placed on the top 
of a close boiler, by wliich the pressure on the surface 
would hf increased — the water must, of necessity, 
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circulate through the ptpes; while, on the other 
liiind, if this hypothesis were correct, the water in an 
apparatus, constructed as in the following figure, 
would not circulate at all. 
' ' ' (4.) Suppose the apparatus fig. 2, to be filled with 
•"ii^ Water, and the twostop-cocks/y^, to be closed: 

Fio. 2. on applying heat to the 

vessel A, the water it 

contains will expand in 

bulk, and a part of it 

will flow through the 

small waste pipe x, which is so placed as to prevent 

the water rising higher in the vessel A, than the top 

of the vessel b. The water which remains in the 

vessel -A,-after it has been heated, and a portion of 

it 'has passed through the waste pipe x, will evidently 

be lighter than it was before, while its height will 

remaiji unaltered. Suppose, now, the two cocks/, g, 

to be- simultaneously opened ; the hot water in the 

boiler a will immediately flow towards b through 

the upper pipe, and the cold water in b will flow into 

j\ through the lower pipe; although, by the hypo- 

" thesis preriously alluded to, unless the water in the 

I vessel A, above tlie pipe c, were heavier, or rose to a 

higher level than the water in the vessel b, no circu- 

^'ilation could take place. In this case, therefore, we 

J I jmust find another explanation of the cause of motion. 

■ ) ! ! (5.) The power which produces circulation of the 

-iiWater will be found to arise from a different cause 

: than that which is here stated ; for we see that this 

- oreason is insufficient to account for the effect, even 
■_i.inibne of the simplest forms of the apparatus. 

yi'in lorder to explain this, let us suppose heat to 
f-.bel applied to the boiler a, fig. 2. A dilatation of 

- the volume of the water takes place, and it becomes 
• lighter ; the heated particles rising upwards through 

tlie colder ones, which latter sink to the bottom by 
lb«ir greater specific gravity, and they in their turn 
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become heated and expanded like the others. This 
intestine motion continues until all the particles 
become equally heated, and have received as much 
heat as the fuel can impart to them. But as soon 
as the water in the boiler begins thus to acquire 
heat, and to become lighter than that wliich is in 
the opposite vessel b, the water in the lower hori- 
zontal pipe d, is jiressed by a greater weight at z 
than at y, and it therefore moves towards a with a, 
velocity and force equal to the difference in pressure 
at the two points y and s.* The water in the upper 
part of the vessel b would now assume a lower level, 
were it not tliat the pipe c furnishes a fresh supply 
of water from the boiler to replenish the deficiency. 
By means of this unequal pressure on the lozaer pipe, 
the water is forced to circulate through the appa^< 
ratus, and it continues to do so as long as the water 
in B is colder, and therefore heavier, than that wliich 
is in the boiler ; and as the water in the pipes is 
constantly paiting with its heat, both by radiation 
and conduction, while that in the boiler is as con- 
tinually receiving additional heat from the fire, on 
equality of temperature never can occur ; if it did, 
the circulation would cease, 

(6.) We see, then, that the cause of the circula- 
tion is the unequal pressure on the lower pipe of 
the apparatus ; and that it is not the result of any 
alteration which takes place m the level of the 
water, as has been eiToneously supposed. Indeedl,: 

• To any person unacqiiaititiiil with tlie science of Hydro- 
statics, tliis may probably appear erroneous, becanao the qnan'tity 
of water contained in A is much greater than that in b. It ie,, 
however, one of the first laws of Hydroatatica, that the preeenre 
of flnidB depends for its amount on the height of the fluid only, 
and is whoUy irrespective of the bulk, or actual quantity of 
fliud : thei'efore, a pipe which is not larger than a quill will 
transmit the same amount of pressure as though it wore a&ot, 
vr R yard, in diameter, providiid the heij^ht be alike in bath 
.-ascs. (Sec Art. tO.) , ,,,,,, „., ., 
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ihi6 truth of this appears eo plain, that it wouM 
scarcely require explanation at such a length, were 
it not that false opinions in this matter appear to 
have led to many errors in practice. 

As the circulation is caused by the water in the 
descending pipe being colder, and therefore heavier 
than that which is in the boilpr, it follows, as a 
necessary consequence, that the colder t^e water 
in the descending pipe shall be, relatively to that 
which is in the boiler, so much the more rapid will 
be its motion through the pipes. In such an arrange- 
Fi«- 3. ment of pipes as fig. 

3, the water in the 
descending pipe e /, 
having to travel farther 
before it descends to 
the lower part of the 
boiler, than when the pipes are arranged as in fig, 2, 
it will of course be colder at the time of its descent, 
in the case, fig. 3 than in fig. 2, and therefore the 
circulation will be more rapid. Tlie height of the 
descending pipe is supposed to be alike in both 
cases, because c d and e f are togetlier equal to 
a b. 

-' (7.) Some persons have imagined that if the 
pipes be inclined, so as to allow a gradual fall of 
the water in its retiuii to the boiler, additional 
power will be gained ; as, for instance, by inclining 
the lower pipe of fig. 3, so as to make the part e 
lower than d, and then reducing the vertical height 
of the return pii)e ef. This, at first, appears very 
plausible, particularly with regard to some pecuUar 
fomis of the apparatus ; but the principle is, in 
iact, entirely erroneous. The author of the 
Appendix to Tredgold's work, already quoted, in 
consequence of adopting the erroneous hypothesis, 
that the motion of the water commences in the 
upper pipe instead of the lower one, as already 
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described, appears to recommend an indiwfttioii 
being given to the pfpes in this manner; and he 
has described an apparatus that he erected, to 
which a fall of four feet was given to the water 'by 
this metliod. " ■i i'^ 

This error a]}pears to arise from treating the sqbt 
ject as a simple question of hydrauHcs, instead *W 
a compound result of hydrodj-namics. ' But ' 'ia 
order to ascertain what is the effect of thus inditt 
ing the pipes, let us suppose an extreme oasei' ' ■'*! 

It is evident that the farther the water flowlil 
the colder does it become. It must, therefore, be 
hotter at a (fig. 4) than it is at b, and hotter'aJ'B 
■u! '.„■,,:■ Fiai:'" ■ ■■■■■■'' ■-'' 




than c, and so on. Let us, now, siippose any arbi- 
trary number to represent the specific gravity of 
the water at a ; say, for instance, -94. The wateM 
at B, in consequence of having flowed farther an^ 
therefore become colder and heavier, will be, wti 
will suppose, of the specific gravity of "95 ; at c, for 
the same reasons, it will be "96, and so on to p, 
where, from having run the greatest distance froiti 
the boiler, it will be the heaviest of all ;* and the 
sum of ail these numbers represents the pressure 
at F. But had the pipe, instead of inclining gran 
dually from the boiler, continued on a level to a, 
as represented by the dotted lines, the water would 
have been as cold, and therefore as heavy, at a, as 

* The real ajieoific gravities could not conveniently be used 
in this illustration, as they would require several decimal pl^oH 
ofligiu'eH, (Sue Tahie IV,, Appendix.) ' "■ ■■'"f " 
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by ithei former arraugeraent it is at f, and therefore 
ltd specific gravity would be the same, namely, ■99. 
Now, as the pressure of water is at its vertical 
beigliti by dividing the vertical pipe, a f, in the 
same manner as we have done with the inclined 
pipe, we shall have a, b, c, d, e, /, each equal in 
altitude to the coiTesponding divisions of the in- 
clined pipe ; and as the s^iecihc gravity of each 
division is equal to -99, the total number represent- 
ing the sum of all these will show the pressure at 
the point /. We shall hence find the pressure of 
the vertical pipe, compared with that of the in- 
clined pipe, wiU be as 5-94 is to 5-79.* 

(8.) It is evident from this, that there must be 
a considerable loss on the effective pressure, by 
making the pipe to incline below the horizontal 
level. Nor can this loss be compensated in any 
manner; for the total height being the same, 
whetlier the water descends through a vertical or 
through an inclined pipe, the force or pressure will 
only be equal to the specific gravity of the matter. 
And as tliere is actually more matter in a pipe filled 
1\ith cold water than in a similar pipe filled with 
hot water, the gi'avitating force will be inversely 
proportional to the temperature ; that is, it will be 
lees in proportion as the temperature of the water 
is greater. There must, therefore, under all cir- 
cumstances, be a positive loss of effect by inclining 
the fpipe in the manner stated.f i ' ■ 

oiiJl,- ..;:..] ,.,■ ■ .■.-.|..„; ,.ii 

^* li"t!Iie strict analogy were earned' oit, tlie"dlffei^ce ougbt 
tt'lfe 'gteater ihan in here representecl; because it ia crident 
th^tibxetmi of a, b, c,, d, etc., being eaob of equal density, b will 
JKf jb«ayier (htui a, and c heavier than 6, and eo on; but the 
Jluatration, as now given, will be sufficient to show the prin- 
ciple;' ' 

I, t] Itiianst not be supposed that tbia reasoning at all applies 
tq any case of pure hydraulics. If the question wei'e only aa 
regards a fluid of uniform temperature, then the greatest effect 



(9.) In such a forai of apparatus as fig. 3, there 
would be no circulation of the water, unless som6 
plan were adopted by which the air would be dis- 
lodged from the pip*«, and a ready escape provided 
for it. Nothing is more necessary to be attended 
to than this ; for, in the more complicated lorms of 
the apparatus, the want of an efficient means of 
discharging the air has been tlie cause of innumer- 
able failures. Suppose we require the apparatus 
fig. 3 to be filled with water ; by pouring it in at 
the boiler, the pipe e f will of course be filled 
simultaneously with it, and then the lower pipe d ; 
and the water will then gradually rise higher hi the 
boiler until it partially fills the upper pipe. At 
last the orifice of the pipe x will become full, and 
the air which is in the pipe cj, being thus prevented 
from escaping, will be forced towards c by the 
weight of water behind it ; and if the quantity (If 
air be sufficiently large, it will entirely prevent the 
junction of the water at c, and cut off the commu- 
nication bet^veen the two pipes at c d. If an 
opening be now made in the pipe at c, the air will 
immediately escape, being forced out by the greater 
density of the water ; and, therefore, either a valve 
or a cock must be placed there, to allow of its 
discharge, for otherwise no circulation of the water 
can ensue. As water, while boifing, always evolves 
air, it is not sufficient merely to discharge the air 
from the pipes on first filling thero with water, 
because it is continually accumulating:* and in 
many instances, particularly with a close-topped 
boiler, it is desirable to have the air-vent self- 
would bo obtained by using an inclined pipe; but tbe Suiil, 
which wo are now regarding, ia one of a varying density ana 
toropwatiire, wbioh materially altera tbe condition^ reaolte, ' ' 

• if tbo wivtw were always kept boiling, tlie air, after being 
onoo 0X]>(>lleil, would not again accumulate. But wheu tbe 
wntor cooIh. it again inibibea air; and thus a continnaJ disr 
charffp of nir occurs in ii bot-watei' apjiaratiiH, 
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acUng ; either by using a valve, or a small open 
pipe; in others, a cock will often be found most 
oojivenient. 

, The aize of the vent is not material, as a very 
small opening will be sufficient to allow the air to 
escape. For the rapidity of motion in fluids, when 
pressed by equal weights, being inversely propor- 
tional to their speci0c gravities, as water is 827 
times more dense tlian air, an aperture which is 
sufBciently large to empty a pipe in fourteen 
minutes if it contained water, would, if it contained 
air, empty it in about one second.* Air being so 
very much lighter than water, it is of course neces- 
sary that the vents provided for its escape be placed 
IB the highest part of the apparatus, for it is tliere 
it will always lodge ; and sometimes it wUl be found 
necessary to have several vents in different parts of 
the apparatus. 

Though it is perfectly easy, as tar as the mere 
mechanical operation is concerned, to pro\'ide for 
the discharge of the air from the pipes, it requires 
much consideration and careful study to direct the 
application of those mechanical means to the exact 
spot where they will be useful. The subject will, 
therefore, be again adverted to in a subsequent 
chapter, when we have investigated the principles 
of the apparatus in some of its more complex fomis 
of arrangement. 

(10.) The plan of the boiler and pipeswhich has 
been given in the preceding figures, is appHcable to 
comparatively but few purposes ; for, in consequence 
of the boiler being open at the top, the pipes 
must be laid level with it, otherwise the water 
would overflow. When the pipes are required 
to rise higher than the boQer, the latter must 
be closed at the top, and the pipes can then 

* " ManclieBter Meiaoira," vol. v., p. 398; and "Nicholson's 
Jounjal," voL iL, p. 269. 



be carried upwards to any required height. This 
arrangement possesses considerable advantages: 
for the higher we make the ascending and de- 
scending pipes, the more rapid is the circulation of 
the water.* This consequence necessarily results 
from the principles already explained ; because, as 
motion is obtained in consequence of the difference 
in weight of the ascending and descending columns 
of water, the greater the height of these columns, 
the greater must be tlie difference in their weight, 
and therefore the greater must be the force and 
velocity of motion. 

The advantages which may be derived from an 
increased height in the ascending pipe, cannot, how- 
ever, be applied in an unlimited manner; because 
it might lead to inconvenience, and even be attended 
with some degree of danger to the apparatus, if 
the increased height were not regulated by certain 
rules, and these, when ascertained, applied with 
judgment. 

The pressure produced by water is calculated 
by its columnar height, reckoned from the bottom 
of the vessel in which it is contained. Whether 
1- 5, the vessel be open at 

-_j , -- ^ the top and very deep, 

^ ' — -^ or closed at the top 

and very shallow, but 
with a pipe attached 
to the top, like the 
boiler and pipe a b, 
fig. 5, the pressure 
will be exactly alike 
in either case, if the 

• In this and the preceding figurea, the pipes are drawn bo 
as to show the flow and return pipes lying one above the other. 
A mamsnt'e conaideration ^111 satiefy any one that tlie efi^ 
will be the same, if they were placed side by side on the same 
Wei ; and frequently this aiTangement is fer more convenient. 



deep open boiler be equal in height to that of 
the shallow boiler and upright pipe conjointly; 
notwithstanding the quantity of water may be 10 ' 
times, or 100 times, larger in the one case than 
the other. Neither is the pressure increased, 
however large may be the diameter of the pipe 
which is used; nor is it lessened if the pipe be 
inserted at the side of the boiler, as in the dotted 
lines y z, fig. 5, instead of being placed on the top. 
As the pressure of water on each square inch of 
surface increases at the rate of about halt-a-pound,* 
for every foot of perpendicular height, if the height 
from the bottom of the boiler to the top of the pipe 
be six feet, the pressure on the bottom will be three 
pounds on every squai'e inch of surface; but if the 
boiler be two feet high, the pressure on the top — 
which will be a pressure upwards — will be only two 
pounds on every square inch of surface, because it 
will only have four perpendicular feet of water 
above it. If the height of the pipe be increased to 
28 feet, and the depth of the boiler be two feet, as 
before, making 30 feet together, the pressure will 
be 15 lbs, on each square inch of the bottom, 14 lbs. 
on each square inch of the top, and an average 
pressure of 14^ lbs. on each square inch of the sides 
of the boiler. Suppose, now, a boiler to be three 
feet long, two feet wide, and two feet deep, with a 
pipe 28 feet high from the top of the boiler; when 
the apparatus is filled with water there will be a 
pressure on the boiler of 66,816 lbs., or very nearly 
30 tons.f 

* The exact weiglit of a perpendicular foot of water, with a 
base in odo equare inch, ie 3030-2'! graint, at tUc tetnperature 
of 60°; whicli is therefore only ■1328 of a pound aromlupoiB. 
Acolumnof water 30 feet high only gives a pressure of 13'681b8., 
instead of 15 lbs., aa usually reekoned; and therefore the real 
height of a column of water, which will gire a pressure equal 
to one atmosphere, must he 34^ feet. 

+ This enormous piwwnie <<n vessels which contain water 
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(II.) When a great pressure is used in ■ hot-water 
ajjparatos, in the manner here described, it is 
necessary that the materials of the boiler shonld 
be stronger than they otherwise need be ; and 
more care is also required in making the joints 
very sound, for attaching the pipes to the boOer so 
as to prevent any leakage. But when these me- 
chanical difficulties are overcome, the amount of 
danger arising from a great pressure of water must 
not be over-rated, for it might otherwise deter some 
persons from adopting this form of tbe apparatus, 
notwithstanding it:i numerous advantages. 

(12.) The great danger that arises from the 
bursting of a steam apparatus, is in consequence 
of the elastic force of steam, which, at very high 
temperatures, is immense. But water possesses very 
little elasticity compared with steam, its expansive 
force being almost inappreciable under ordinary 
circxmistances. At the pressure of 13 lbs. per square 
inch, the water in the boiler last described, which 
holds about 75 gallons, would be compressed rather 
less than one cubic inch, or about l-36th part of a 
pint* The expansive force of the water in this ap- 
paratus, therefore, even supposing it were to burst, 
would be perfectly harmless ; for it could only ex- 

cl<K» not occur in the case of pipes merely iiaed for the con- 
veyance of water; for in this case, when the wiiter runs out of 
the lower end of a long veiticBl pipe a.s fast elb it runs in ctt the 
top, altboitgh it be always kept perfectly full, still there may 
probably bo no pressure whatever on any part of the pipe, 
nowaver great its length may be, — liobiscm's Mechanical PAtfo- 
gophy, vol. ii., p. 580, et »eq. 

" Acoording to the experiments of Professor Oerstead, the 
oonipruHBLnn of water is ■0000461 by a pressure of Ifilbs. pw 
vqunru itich ; and he haa found that it jiroceeda pari pasmi u 
fiir M 6j!) Atmoeijherea, which was the limit to which his experi- 
nientii extended. This compi'SBsion is about equal to reducing 
ft K'V" hulk of wnter iV of its volume by a pressure of 

"" """ "w. piTMUf " ' ■' " ' ' 

., 303. 
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pand as much as it had been compressed ; namely, 
one cubic inch. The effect on a boiler, by the 
pressure of the water, will be precisely similar to a 
weight pressing upon it, equal to the estimated 
pressure of the water ; which is quite different from 
the sudden and violent force produced by the ex- 
pansive power of steam. As an apparatus of this 
kind could never be forced asunder, as in the ex- 
plosion of a steam boiler, the only result, under 
the worst circumstances that could occur, would 
be a leakage of the water, in consequence of the 
cracking of some part of the boiler. 

Neither the principle, nor the practical working 
of the apparatus, is in the least affected by having 
any additional number of pipes leading out of or 
into the boiler. The effect is the same whether 
there are more flow pipes than return pipes, or 
conversely, more return pipes than flow pipes. If 
there be two or more flow pipes, whether they 
lead from the boiler separately, or branch from 
one main pipe, or whether they lead from opposite 
sides of the boiler, or all from one side, each range 
of pipes will act separately and have a velocity of 
circulation peculiar to itself: and one range of pipes 
may act efficiently, while another, though attached 
to the same boiler, may have no circulation what- 
ever through it ; and this eflfect will not be altered, 
whether the pipes return into the boiler separately, 
or all unite into one main pipe. The pressure, sup- 
posing the pipes to rise vertically from the boiler, 
will likewise be precisely the same, however nume- 
rous the pipes may be. This circumstance is one 
of the peculiarities which distinguish fluids from 
solids. For if the fluid in any close vessel be 
pressed by the fluid contained in an upright pipe, 
so as to produce a pressure of 10 lbs. on the square 
inch ; if a second pii>e, capable of exerting a similar 
pressure with the flrst, be placed upon the same 
c2 
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vessel, the united pressure will still be only 10 lbs. 
per square inch ; and it would be no more, though 
ever so large a number of pipes were added, pro- 
vided the vertical height were not increased. 

(13.) One advantage may be obtained by causing 
the water to rise from the boiler by an ascending 
pipe, as in fig. 5, which cannot be accomplished by 
any other means ; and it is of considerable import- 
ance to ascertain its true effect, as it lias produced 
consequences which are not generally attributed to 
the right cause. 

The force and velocity of motion of the water, 
being proportional to the vertical height of the 
ascending and descending pipes; by increasing this 
height, a facility is afforded for taking the pipes 
below the horizontal level, as, for instance, when it 
is required to pa.ss them under a doorway, or other 
similar obstruction, before they finally descend to 
the bottom of the boiler. Innumerable failures 
have occurred in attempting to make the water 
descend and again to ascend in this manner, the 
success of the experiment depending entirely upon 
the vertical height of the ascending pipe above the 
boiler. These alterations of the horizontal level, 
which are frequently very desirable, have, of course, 
their hmits, beyond which they cannot be carried ; 
and it is from not having ascertained what are these 
Hmits, and what the cause of the limitation, that 
such uncertainty has hitherto prevailed with regard 
to this experiment ; for it frequently succeeds, but 
more frequently fails, in practice. It will be most 
convenient, however, to consider this subject after 
we have ascertained what is the amount of the 
motive power of the water in this kind of apparatus. 



CHAPTER II. 

On the Motive Power of the Water — On increaslDg the Motive 
Power — Velocity of Circulation — Circulation of Water below 
the Boiler — Direct and Reversed Circulation — Air Vents — 
Supply Cisterns — Expansion of Pipes, etc. 

(14.) It has already been mentioned, that the 
power which produces circulation of the water, is 
the unequal pressure on the return pipe, in conse- 
quence of the greater specific gravity of the water 
in the descending pipe, above that which is in the 
boiler. Whether this force acts on a long length 
of return pipe, as y z, fig. 2, or only on a very 
short length, as/, fig. 3, the result will be precisely 
similar. 

Now, it is evident that, if this unequal pressure 
is the vis viva, or motive power, which sets in 
motion the whole quantity of water in the apparatus, 
it is only necessary, in order to ascertain the exact 
amount of this force, that we know the specific 
gravities of the two columns of water ; and the 
difference will, of coiu-se, be the effective pressure, 
or motive power. This can be accurately deter- 
mined when the respective temperatures of the 
water in the boiler and in the descending pipe are 
known.* 

* A theiinometer suitable for this purpose wa« long since 
proposed by M. Fourier, and called by him the thermometer of 
contact. It consists of a very small iron cup, just large enough 
^ to hold the bulb of the thermometer, but without a bottom to 
it. Over the bottom, a piece of goldbeater's skin is to be tied, 
and the cup is then bo have a little mercury put in it, into 
which the bulb of the thermometer is to dip. The cup, when 



Ab tliis diflt'ieiice of temperature rarely exceeds 
a very few degrees in ordinary cases, the difference 
in the weight of the two columns must necessarily 
be very small. But,' probably, the very trifling 
difference which exists between them, or, in other 
words, the extreme smallness of the motive power, 
is very imperfectly comprehended ; and will, per- 
haps, be regarded with sortie surprise when its 
amount is shown by exact computation. 

(15.) In order to ascertain, without a long and 
troublesome calculation, what is the amount of 
motive power for any particular apparatus, the fol- 
lowing Table has been constructed. An apparatus 
is assumed to be at work, having the temperature 
in the descending pipe 170"; and the difference of 
pressure upon the return pipe is calculated, sup- 
posing the water in the boiler to exceed this tem- 
perature by from 2° to 20°. This latter amount 
exceeds the difference that usually occurs in prac- 
tice. 

By referring to the annexed Table, it will be 
found that when the difference between the tem- 
perature of the ascending and the descending 
columns amounts to 8", the difference in weight is 
8'16 g^rains on each square inch of the section of 
the return pipe, supposing the height of the boiler 
A, fig. 2, to be 12 inches. This height, however, 
is only taken as a convenient standard from which 
to calculate ; for, probably, the actual height will 
seldom be less than about 18 inches, and, in many 
cases, it will be considerably more. 



placed on any hot snrfkce, will awmratply show the temperature, 
tilt' contact between the skin and the Mirface being ustremely 
perfect As a permanent adjunct, however, to the hot^water 
apparatus, it ia much better to use a thermometer fitted with a 
hollow screw nut, by which it can be accurately fised to the 
afipfimtiiB, iiiid the bulb actually dipa into the water of the 
upparatns. 
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Now, suppose, in such a form of apparatus as 
fig. 2, the boiler to be two feet high ; the distance 
from the top of the upper pi])e to the centre of the 
lower pipe to be 18 inches*; and the pipe four 
inches diameter; — if the difference of temperature 
between the water in the boiler and in the descend- 
ing pipe be 8°, the difference of pressure on the 
return pipe will be 153 grains, or about one-third 
part of an ounce weight : and this will be the 
amount of motive power of the apparatus, whatever 
be the length of pipe attached to it. If such an 
apparatus have 100 yards of pipe, four inches 
diameter, and the boiler contains, suppose 30 gal- 
lons — there will be 190 gallons, or 1,900 lbs. weight 
of water, kept in continual motion by a force only 
equal to one-third of an ounce.* This calculation 
of the amount of the motive power, in comparison 
with the weight moved, will vary under different 
circumstances ; and in all cases the velocity of the 
circulation will vary simultaneously with it. 

* M. Dutrochet made some experiments on the mfluencing 
csuaes of the motion of currents in liquids. He found that a 
diSerence of temperature of l-600th of a degree was sufficient 
to produce currents when aided by tight, but the motions ceased 
on light being excluded. In the absence of light (except wliat 
wna necessary to distinguish the object) the sound of a violon- 
cello or of a bell produced circulation in the liquid. He there- 
fore concluded that the most minute differences of temperature 
will produce motion among the particles of a fluid when aided 
V^ light or w»y other caiwe which produces feeble Tibmtions to 
the particles of the fluid. Quart. Jonrmd of Sderice, vol. xxix., 
p. 194. It is not stated how this small excess of heat was 
ascertained. The effects of sound may possibly be in some way 
connected with a fact which Biot attempted to demouatrate by 
experiment — that every Tibration of a sonorous body in elastic 
media is accompanied with a change of temperature. Memoires 
de la SociM iTArcueil, 1809; and Eetrostptet of Science, vol. v.. 
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*^* The above Table has been calculated by the foi-mula 
given with Table IV., in the Appendix, for aecertaining the 
specific gravity of Water at different temperatures. The 
assumed temperature is from 170° to 190°, 

(16.) It will be observed in the foregoing Table, 
that the amount of motive power increases with 
the size of the pipe : for instance, the power is four 
times as great in a pipe of four inches diameter, as 
in one of two inches. The power, however, bears 
exactly the same relative proportion to the resist- 
ance or weight of water to be put in motion, in all 
the sizes alike ; for although the motive power is 
four times as great in pipes of four inches diameter, 
as in those of two inches, the former contains four 
times as much water as the latter : the power and 
the resistance, tlierel'ore, are relatively tlie same. 
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(17.) As the motive power is so small, it is not 
at all surprising that, by an injudicious arrangement 
of the different parts of an apparatus, tlie resulting 
motion may frequently be impeded, and sometimes 
even totally destroyed : for the slower the circula- 
tion of the water, the more likely is it to be inter 
rupted in its course. There are two ways by which 
the amount of the motive power may be increased : 
one, by allowing the water to cool a greater immber 
of degrees between the time of its leaving the 
boiler and the period of its return through the 
descending pipe; the other, by increasing the ver- 
tical height of the ascending and descending 
columns of water. The effects produced by these 
two methods are precisely similar; for, by doubling 
the difference of temperature between the flow pipe 
and the return pipe, the same hicrease in power is 
obtained as by doubhng the vertical height; and 
tripling the difference in temperature is the same 
as tripling the vertical height.* This can be ascer- 
tained by referring to the preceding Table. Thus, 
suppose, when the diflierence of temperature is 8°, 
and the vertical height four feet, that the motive 
power is 32-6 grains per square inch: if the differ- 
ence of temperature be increased to 16", while the 
height remains the same, or if tlie height be in- 
creased to eight feet while the temperature remains 
as at first — the pressure, in either case, will be 
65'2 grains per square inch, or twice the foi-mer 
amount. The same rule applies to other differences, 
both of height and temperature. 

(18.) Almost the only two methods of increasing 
the difference of temperature between the ascend- 
ing and the descending columns are, either by in- 
creasing the quantity of pipe, so as to allow the 
water to flow a greater distance before it returns to 

• This is witiiout reforonce to friction : the effect will tliere- 
fore be a little mrKlifiufl by this cause. {Sec Art. 22 a,ud 43.) 
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the boiler; or, by diminisliing the diameter of the 
pipe, so as to expose more surface in proportion to 
the quantity of water contained in it, and by this 
means to make it part with more heat in a given 
time. (SeeArt.61.) The first of these two metliods, 
however, is necessarily hmited by the extent of the 
building that is to be heated, to which the quantity 
of pipe must be adjusted in order to obtain the 
required temperature : and, as to the second, there 
are many objections against reducing the size of 
the pipes, which will be considered presently. The 
increase of motive power to be obtained by increas- 
ing the height of the ascending column of water 
is, therefore, what must principally be depended 
cm, when additional power is required to overcome 
any unusual obstructions. 

(19.) In all cases the rapidity of circulation is 
proportional to the motive power ; and, in fact, the 
former is the index of the latter, and the measure 
of its amount. For if, while the resistance remains 
uniform, the motive power be increased in any 
manner or in any degree, the rate of circidation 
will increase in a relative- proportion. Now the 
motive power, irrespective of retardation by friction, 
may be augmented, as we have already seen, either 
by increasing the vertical height of the pipe, by 
reducing its diameter, or by increasing its length. 
If by any of these means the circulation be doubled 
in velocity, then, as the water will pass through 
the same length of pipe in half the time it did be- 
fore, it will only lose half as much heat as in the 
fonner case; because the rate of cooling is not 
proportional to the distance through which the 
water circulates, but to the time of transit. If, 
then, l)y Hufficiently increasing the vertical height, 
and doubling the velocity of the circulation, the 
difference between the temperature of the flow 
pipe and the return pipe be diminished one-half, it 
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might be supposed that the motive power of the 
apparatus would remain the same, and no advantage 
would appear to be gained by this means. But this 
is not exactly the case. For although, whether we 
double the vertical height, or double the horizontal 
length, we shall, in either case (and omitting the 
question of friction), increase tlie velocity of motion; 
yet it will require a quadruple increase of vertical 
height, or a quadruple increase of horizontal length, 
to obtain double the original rate of circulation. 
(See Art. 21.) The increased velocity is, therefore, 
indicative of increased power; and, in a hot-water 
apparatus, it is the increased velocity of circulation 
which overcomes any obstructions of a greater 
amount than ordinary. 

(20.) The velocity with which the water circu- 
lates in this kind of apparatus, although continually 
subject to variation, can nevertheless be calculated 
theoretically, when certain data are agreed upon, 
or are ascertamed to exist. 

When the two legs of an inverted syphon a, 
fig, 6, are filled with liquids of unequal density, if 
Fig. G. the stop cock, s, be turned, so as to 
open the communication between them, 
the lighter liquid will move upwards 
with a force proportional to the dif- 
ference of weight of the two columns, 
Vx^H,^ provided the bulk of the two liquids be 
^"V""^ equal. If one leg contains oil, and the 
other contains water, the relative weights will be 
about as nine to ten; therefore it will require 10 
inches vertical height of oil, to balance 9 inches of 
water, and no motion will tn that case take place. 
But when equal bulks of the two fluids are used, 
the velocity of motion with which the lighter fluid 
is forced upwards, is equal to the velocity which a 
solid body would acquire in falling, by its own 
gravity, througli a space equal to tlie additional 
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height which the lighter body would occupy iu the 
syphon, supposing a similar weight of each fluid 
had been used. This velocity is easily calculated : 
a gravitating body falls 16 feet in the first second 
of time of its descent ; 64 feet in two seconds; and 
so on; the velocity increasing as the square of 
the time: therefore, the relative velocities are, as 
the square roots of the heights. Now, in the case 
of the syphon, which we have supposed to contain 
a column of water and a column of oil, each 9 inches 
in height; as the oil ought to be 10 inches high to 
balance the 9 inches of water, the oil in the one leg 
wOl be forced upwards with a velocity equal to that 
which the water (or any other body) would acquire 
by falhng through one inch of space; and this 
velocity, we shall find, is equal to 138 feet per 
minute.* 

(21.) To estimate the velocity of motion of the 
water, in a liot-water apparatus, the same rule will 
apply. If the average temperature be 170", the 
difference between the temperature of the ascending 

* The velocity will be as the squai-e root of 16 feet per 
aeetmd to the square root of the additional height which an 
equal weight of the lighter liquid would occupy, reduced to the 
decimul of & foot; aud as the acquired velocity of a hody at the 
end of a given time is twice as much as the distance it passes 
through, in arriving at any given velocity by accelerated motion, 
or, in other words, as a body which falls through 16 feet of 
splice, in one second, will proceed at the rate of 32 feet per 
second afterwards, without receiving any additional impulse; 
BO the velocity found by this rule will be only half the real 
velooityj and the number thus obtained must be multiplied 
by 2. The velocity will, therefore, be found by multiplying 
the equare root of the difference between the height of the two 
columns in decimals of a foot by the gquare root of 16, and 
then, multiplying that product by 2, will ^ve the real velocity 
per second. 

The discharge through a syphon, employed to empty casks 
and other vessels, can also he calculated by this rule ; the 
velocity of motion will be equal to the difference in length of 
the two lugs. 
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and the descending columns 8°, and the height 10 
feet ; wlien similar weights of water are placed in 
each column, the hottest will stand 331 of an inch 
higher than the other ;* and this will give a velocity 
equal to 79'2 feet per minute. If the height be five 
feet, the difference of temperature remaining as 
before, the velocity will be only 55'2 feet per 
minute; but if the difference of temperature in this 
last example had been double the amount stated— 
that is, had the difference of temperature been 16°, 
and the vertical height of the pipe five feet — then 
the velocity of motion would have been 79'2 feet 
per minute, the same as in the first example, where 
the vertical height was 10 feet, and the difference 
of temperature 8". This, therefore, proves, in cor- 
roboration of what has been already stated (Art. 
19), that reducing the temperature of the water, 
either by using smaller pipes, or by increasing the 
length through which it flows, has the same effect 
on the circulation as increasing the vertical height, 
leaving out of consideration the question of friction. 
The velocity for three feet of vertical height, by 
the same rule, will be 43"2 feet per minute; for two 
feet of vertical height, it will be 36 ieetper minute; 
and for 18 inches of vertical height it will be 30'7 
feet per minute, if the difference of temperature 
between the two columns be in each case 8°, the 
same as in the former examples. It must here be 
observed, however, that, although it appears by 
these calculations that increasing the vertical height 
of the pipe foiu'-fold will produce a double velocity 
of circulation, as the water will then pass through 
the pipe in half the time, the difference between 
the temperature of the flow-pipe and the return- 
pipe will be lessened one half, and the velocity will 
at last become a mean rate ; so that the mere 

* The espansion of water i>y heat will be found in Table TV., 
Appendix. 
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quadruple increase of vertical height, without the 
horizontal length he at the same time increased, 
will only produce a rate of circulation about one 
and a half times the orijrinal velocity. 

(22.) Such is the result of theory ; but, although 
this be true in itself, we shall, in practice, find but 
few cases that in any way agree with these results, 
in consequence of other causes modifving the effects. 
Even in an apparatus in which the lengtli of pipe 
is not very considerable, where the pipes are of 
large diameter, and the angles few, a large deduc- 
tion from the theoretical amount must be made, to 
represent, with tolerable accuracy, the true velocity. 
And in more complex apparatus, the velocity of 
circulation is so much reduced by friction, that it 
will sometimes require fi-om 50 to 90 per cent., and 
upwards, to be deducted from the calculated 
velocity, in order to obtain the true rate of circula- 
tion.* The calculation of the friction of water 
passing through pipes, is alike complicated and 

* It Iiaa been found by experiment {Robi«oii'a Philosophic, 
vol. ii., p. 33fi)| that a smooth pipe 4J inclies in diameter, and 
500 yards loTig, yields but one-fifth of the qnantity of ■water 
which it ought to do, independent of frictios. And Mr. Oeoige 
Rennie found (Philosophical Transactirms, 1S3I) that the velo- 
city of a half-inch pipe was reduced nearly three-fourths (that 
is, from 3-7 to 1) by increasing its length from 1 foot to 
30 feet ; that three semicirculdr bends reduced the velocity 
^t in B. short pipe, and 14 such benda reduced it ^ of its 
velocity ; while 24 right-angled bends reduced the velocity 
nearly two-thirds. The results of M. Prony's ex]»eriments led 
him to adopt the formnla V = 2G'79 — --. — for the diaoharge 
through straight pipes: D being the diameter of the pij^ci z tba 
altitude of the head of water; L the length of the pipe in 
metres ; and v the mean velocity. M. Dubuat's formula for 
dimnnition by flexure is R= . tt-- ; where B ia the reeistance; 
V the mean velocity ; s the sine of the angle of incidence ; n the 
numbei' of equal rebounds, Dr. Young (Philagophical Tram- - 
actiont, 1808) objects to this theory, and gives a different one, 
which ho considoi's more nearly to repi-eseiit the true result. 



unsatisfactory : though the question has been in- 
vestigated by some of the most able philosophers 
and mathematicians, a simple and correct formula 
on this subject is still a desideratum; and in the 
present state of knowledge of the subject, it would 
be almost impossible to determine wliat would be 
the resulting velocity of circulation in a hot-water 
apparatus of complicated construction.* 

(23.) In addition to these ordinary causes which 
impede the circulation, and which are common to all 
hydraulic experiments, there ia another that is still 
more important, and is peculiar to the hot-water 
apparatus. The vertical angles in the pipe, or those 
angles which carry the pipe below the horizontal 
level, increase the resistance in this case to a very 
considerable extent, for they oppose not merely a 
passive resistance by friction, but they engender a 
force of tlieir own, tending in an opposite direction 
to that of the prime moving power. 

The motion of the heated particles of water 
is very different in passing through an ascending 
pipe, compared with that which takes place in a 
descending pipe. The heated particles rise upwards 
through an ascending pipe with great rapidity, and 
when the space occupied by the displaced particles 
is supplied by water from below, the motion becomes 
general in one direction, being most rapid in the 
centre, and gradually decreasing towards the circum- 
ference, where, on account of the friction, it becomes 

* In Eobigon'a Meehmticai Philoiophi/, voL ii, pp. 261 — 627, 
liFill be found much information on this subject, witli the I'eeults 
of nearly all the experimunts that have been made. Also see 
Dr. T. Young, PhUotopkical Tranitactioju, 1831; NiehoUon's 
Joumal,v6L xxii.,p. lQi,a.nd PhiloaufAical Magasine,\o\.xs.xiu., 
p. 123; Mr. O. Rennie, Philotophical Tnmsaatione, 1S31, &nd 
BxipoTta Brit. Sci. Asioc., vol. ii., p. 153, and voL iii., p. 415. lu 
these several works are given the experiments of Bossut, Prony, 
Dubuat, Eytelwein, Venturi, Borda, and others, which comprise 
Dearly all that ia known on this difficult subject. 
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comparatively slow. But in a descending pipe the 
circumstances are verj- different, the motion being 
much more like that of a solid body ; for as the 
heatetl particles are unable to force their way down- 
wards through Uiose which are colder and heavier 
thiin themselves, the only motion arises from the 
cold water flowing out at the bottom, its place-being 
then suppUed at the top by that which is warmer ; 
the whole apparently moving together, instead of 
the molecular action which has been described a& 
tlie proper motion in an ascending pipe. 

(24.) In an apparatus constructed as fig. 7, the 
motion thiough the boiler F»o- ?■ 

and pipe a b and through 
the descending pipe c d, 
takes place according to 
the two methods here de- 
scribed. But it is evident 
that, on motion com- 
mencing in the return 
pipe y z, in consequence of the greater pressure of 
c D than of a b, the water from a will be forced 
towards e, at the same tinie that the water in e,f, g-, h, 
flows towards c. But when a very small quantity 
of hot water has passed from the pipe and boiler, 
A B, into the pipe e f, the column of-water g h, will 
be hea\'ier than the column e f, and therefoie there 
will be a tendency tor motion to take place along 
the upper pipe towards the boiler, mstead of from , 
it. This force, whatever be its amount, must be m 
opposition to that which occurs in the lower or 
return pipe, in consequence of the pressure of c d 
being greater than a b ; and unless, therefore, the 
force of motion in the descending pipe c d, be 
sufficient to overcome this tendency to a retrograde 
motion, and leave a residual force sufficient to pro- 
duce direct motion, no circulation of the water can 
take j)lace. ,,,,-.. , ,, ... ,^, . 
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(25.) An extremely feeble power, as we have 
already seen, will produce circulation of the water 
in an apparatus where there are no unusual obstrac- 
tions ; but it is a necessary result of the motive 
power being so very small, that it is easily neutral- 
ized. So trifliiig a circumstance as a thin shaving 
planed off a piece of wood, and accidentally getting 
into a pipe, has been known effectually to prevent 
the circulation in an apparatus otherwise perfect in 
all its parts. 

It is not sufficient, then, when such an ob- 
struction as the vertical declination from the hori- 
zontal level, shown by the last figure, has to be 
simnounted, merely to make the direct force of 
motion sufficient to overcome the antagonist force, 
and to leave the smallest possible residual amount 
for the purpose of causing circulation ; because an 
amount which would be sufficient for this purpose 
as an undivided force, would not be found sufficient 
as a residual force. 

(26.) In estimating the additional height which 
it is necessary to give to the ascending column, in 
order to overcome such an obstmction as shown in 
fig. 7, it will be necessary to take into account what 
is the length and diameter of the pipe through which 
the water will have to pass, for on this depends the 
difference of temperature between the ascending 
and descending columns, which we have seen mate- 
rially afPects the amount of the motive power of the 
apparatus. If the length of pipe be considerable, 
a somewhat smaller increase of the vertical height 
of the ascending pipe will sufl^ce ; but if the length 
of pipe be short, a greater height must be allowed.* 

" This applies merely to the poasibility of producing motion, 
and not to the resulting velocity of the circulation. For it 
must be borne in mind that, although in e-very case, by increasing 
the length of the pipe, or by reducing its diameter, we cause the 
water to asHuiao a greater difference of temperature between the 
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The temperature to which the air surrounding tbe> 
pipes is to be raised, will also modifv' the result; 
for on this vdW depend the quantity- of heat given 
out by the pipes per minuie, wliich Ukewise affectB 
the temperature of the descending pipe. (Art. 181.) 
(27.) Under such a great diversity of circura- 
stances, it would be difficult to form a rule for 
estimating what ought to be the height of the 
ascending pipe in such cases ; because, not only 
are these circumstances different in each apparatus, 
but they likewise differ, in some respects, in the; 
same apparatus in the different stages of its work- 
ing. The difficulty is also increased, by not being 
able to fix on an absolute minimum measurement, 
which is sufficient, under all circumstances, to 
cause a circulation of the water in die common 
form of the apparatus. There have been instances 
where apparatus have succeeded, though con- 
structed on tlie very worst principles, in conse- 
quence of various circiimstances having favoured the 
result. Thus in an apparatus, constructed as fig. 8, 
where the pipes were not p,^ ^ 

more than three inches 
apart, the water circulated 
with perfect fi-eedom ; but 
in this case, not only was 
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ascending and the descending columns, and thereby 
circulation, still, in both these cams, we greatly incrensertliw 
friction, whicli thereibre considerably detracts from the luiTaQ-) 
tagea gained by this greater difference of teaipei-atwre. For aa 
the friction is a, certain quantity, compounded of the square root 
of the length of the pipe directly, and the diametei* of tke j4pe 
inversely, it follows that the friction may become so great,, ]^ 
increasing the length and reducing the diameter, oa complete^ 
to neutralize all beneficial effect ; for unless the circolatUHi , ift 
moderately active, the apparatus will be of such unequal ten-. 
perature as to render it nearly nseleaa. The utmost caution ,iti 
therefore necosaary, in oi-der that the friction may not beoo) 
so great as to infci^rfere with the due circulation of the water. 
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the pipe of considerable length, and without angles 
or turns, but the size of the pipe was only two inches 
diameter, so that the water cooled twice as fast as it 
would have done had pipes of four inches diameter 
been used (Art. 61). It is, however, quite certain 
that such a cUstance between the pipes, at their in- 
sertion into the boiler, as that which has just been 
described, is insufficient, under ordinary circum- 
stances, to give a steady and good circulation. But 
when the two pipes are about ]2inchesapart,atthe 
place of their insertion into the boiler x fj fig. 3, 
which is 16 inches from centre to centre when the 
diameter of the pipe is four inches, it will be sufH- 
cient to produce a good circulation for almost any 
ordinary length of pipe, when it is not required to 
dip below the horizontal level. If this be considered 
as the minimum height, which, luider ordinary cir- 
oimstances, will obbiin a good circulation when the 
pipes are not required to dip below the horizontal 
level, then an average height can be estimated for 
enabling any vertical declination of the pipes to be 
made. 

(28.) In such cases the height of the ascending 
pipe should generally be just so much greater than 
the above dimensions, as the depth which the circu- 
lating pipe is required to dip below the horizontal 
level ; bearing in mind the circumstances mentioned 
(Art. 26), which modify the general residts.* Thus, 
suppose the deptli of the dip, shown by the dotted 
line a b, fig. 9, to be 24 inches, then the distance 
y z ought to be 40 inches, if the pipes be four 

• ' So greatly, in fact, do tieae circtmiBtaaces affect the general 
KBuIt, that it is very posaible, in particulflr circumstances, t6 
Oake the water descend below the bottom of the boiler to A 
cxmsider&ble depth without atopping the circulation. It \t 
therefore evident that the dimensionB which are here given 
for the height of the ascending pipe, relative to the dip, must 
not be taken as sn absolute minimum, but simply as a geneml 
rule, which will succeed in sit cases. See Art. 30 and 31. 




..tehes-diameter ; that is, 36 inches from centre to 
centre, or 40 inches from the top of the pipe „ to th^ 
bottom of the pipe z ; and with these dimensions m 
good a circuliitioti will be obtained (excepting the 
friction from the additional elbows) as when the dis- 
tance botween the top and bottom pipes is 1 6 inches 
from centre to centre, in the common foi-m of the 
npparatiis. It will be observed that, by this arranee- 
ment. the distance c d, from the under side of 5ie 
flow-pipt) to the upper side of the return-pipe, is jnst 
] 2 inches, which is the same height that was' stated 
to be necessary to insure a good circulation, on the 
ordinary plan, without a vertical dip. The' reason 
why til is height is sufficient in the present case, not- 
withstanding the increased friction of the angles, is 
beciuisc there must always be a greater difference 
betwi'tMi the temperature of c and /, than between 
either g nud It, or between (' and k, or even more than 
between botli these together; therefore the tendency 
to dirfrl niolion is greater than towards retrograde 
niotinn, in ]>roportion to this difference, and is suffi- 
cient to overcome the increased friction caused by 
the vertical dechnation ; while the additional height 
of 1 2 inches beyond the height of the dip, possessed 
by the descending pipe /, is sufficient to produce 
circulalion of the water. U g and //,and also /and 
A, were very wide apart, say 40 or 50 feet, instead 
r being, lis usual, only about three or four feet. 
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the balance of effect, though still in favour of direct 
motion, would not be so great as in the last supjiosed 
case ; because there would be a greater difference 
in temperature between g and // (that is, k would 
be heavier than ^ in a greater degree), which would 
give a greater tendency to retrograde motion. In 
many cases, tlierefore, it will be advisable to make 
the ascending pipe somewhat higher in proportion 
to the dip than is here stated, particularly When 
there are several such alterations required in the 
level of the pipes; and, in all cases, as has been 
before observed, the higher the ascending pipe is 
made, the more rapid will be the circulation, and 
therefore, tlie more perfect the apparatus will be- 
come. 

(29.) The remarks which have been made with 
respect to the height of the ascending pipe, rela- 
tively to the vertical declination, or dip, below the 
level of the horizontal pipe, applies to all the usual 
forms which are given to the apparatus. But there 
are peculiar arrangements which may be adopted, 
that will allow the dip of the circulating pipe to be 
much greater than the proportion which has here 
been stated; for, in some cases, the dip pipes may 
even pass below the bottom of the boiler to a con- 
siderable depth, without destroying the circulation ; 
Sind, from the very extensive use that is now made 
<of the hot-water apparatus for heating buildings of 
■^very doscrijition, it is very desirable to examine 
this part of the subject at some length, as its appli- 
■cation will, in many cases, entirely depend upon the 

Kosisibihty of making the pipes descend below the 
oiler. 
Ii ■ (30.) In an arrangement of pipes, such as fig. 10, 
!the circulation will depend entirely upon the quan- 
hity of heat given off by the cod c ; for it is evident 
Ithat when the boiler b and pipe- a are heated, the 
.direct motion will arise in consequence of the 
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CIRCULATION OF WATER 

^- '*-'■ greater weight of the 

"~~ !^ ^^" "'"^ter in tlie coi! 

^^^ and pipe el, above rftat 
which is m the boiler 
and pipe b a. Birt &9 
tlie water in the pijw 
(', hcloiv the dotted 
line, will be lighte: 
than that in the pipi 
/, the tendency in that 
part of the apparatus 
will be towards a re- 
trograde motion. The 
result of these two forces will be, that if the 
water in the whole length of pipe w x, is heavier 
than that of the whole length, y s, in a suffi- 
cient degree to overcome the increased iriction, 
circulation of the water will take place ; and the 
velocity of motion will depend upon the amount of 
this difference in weight. 

(31.) Another fonn, though somewhat mrtre 
compHcatcd, may be given to this arrangement 
of the apparatus. In fig. 11, b represents the 
boiler: and the effective or direct motion is, in 
this case, caused by the water in the coil and 
pipe c d being so 
much heavier than Fic. "• 

that in the boiler and 
pipe B a, that it over- 
comes the retrograde 
motion which is pro- 
duced by all the 
other parts of the 
apparatus. Thus the 
water in g h, being 
heavier than that in 
i k ; and that in e f 
(below the dotted 
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line), being lighter than that in / m, has in both 
cases, a tendency to retrogression ; and this will 
be more considerable in proportion as the pipes 
i k, and g h, etc., are more distant from each other. 
The motive power, therefore, entirely depends upon 
the quantity of heat given off by the coil ; for 
the water must be cooled dowu many degrees, 
in order to give it a sufficient preponderance over 
the water in b a, to cause a circulation ; and the 
circulation must necessarily be very slow, and, 
therefore, the temperature very unequally dif- 
fiised. 

If the coil, in the last two figures, be, placed in 
any lower position than is here shown, the effect 
will be proportionally less in producing circula- 
tion ; and if placed below the dotted lines, it would 
be scarcely possible to obtain any circulation at all. 
Nor would there be any circulation if the coil were 
omitted, because the mere descent of the water 
through a straight pipe would not cool it suffi- 
ciently to give the necessary preponderance to the 
descending column, unless some other contrivance 
, for the purpose of cooling the water to an equal 
extent, were adopted. 

(32.) The principle which governs the circula- 
tion in these last-mentioned cases, is capable of 
many applications. And it must be remembered 
that, as a coil of pipes produces an enormous 
degree of friction in the fluid, passing through it, 
which must be overcome before circulation can be 
produced, a smaller difference of temperature be- 
tween the ascending and descending columns would 
produce circulation, if the apparatus were contrived 
so as to cause less friction to the fluid passifig 
through it. 

In an apparatus constructed as fig. 1 2, the water 
rises directly from the boiler into an open cistern, 
A : and it then descends through the pipe u, which 
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Fi«. 13. 




communicates with the bottom or the side of this 
cistern. In cases of thas kind it has been generally 
assumed, that the water will descend as far below 
the boiler, as the rising pipe and the cistern are 
above the boiler ; and, practically, it is often found 
that this is the case, though the explanation of the 
fact must be sought for among a different class of 
phenomena than those which merely regard the 
height of the ascending pipe. 

(33,^ The advantage of conveying the water into 
an elevated cistern, as shown in the last figure, 
appears to be twofold.* It allows the freest escape 
of an and of steam, either of which would prevent 
the cncidation, if it lodged in the part of the appa- 
ratus o, y, i, in fig. 1 1 ; and which part is in fig. 1^, 
occupied by the open cistern. This cistern also 
facilitates the circulation, by increasuig both the 
actual as well as the relative weight of the descend- 
ing column of water; because no part of the 
descending pipe b can possibly contain steam, as 
the water will remain in the cistern a until it has 



• The Mavquis Af Cliabannes was tlie first to employ an 
elevated cistern in this WRy, and it is described in his pamphlet, 
published in 1818, on " Warming and Ventilating Biiildinga." 



BELOW THE BOILER. 

become colder than that in the pipe e, and boiler 
F ; and it is evident, that by such an arrangement 
as fig. 12', this difference of temperature must con- 
stantly increase, after heat is applied to the boiler, 
until it becomes sufficient to give a preponderance 
to the water in b ; and even if the heat were suffi- 
cient to raise steam in the pipe e, this would only 
still further increase the effect, instead of diminish- 
ing, or even wholly stopping the circulation, as 
would be the case with an apparatus like fig. 11, 
under similar circumstances. 

(34.) Many other arrangements of the apparatus 
answering the same purpose as these last three 
figures, might be contrived ; but while these forms 
are advantageous when difficulties of adaptation 
have to be surmounted, it must not be imagined 
that they are recommended above the more simple 
forma shown in figs, 3, 7, and 9. It requires great 
judgment in adopting some of these complicated 
arrangements; for many causes may interfere to 
prevent complete success : and it is sometimes so 
very difficult to detect the various causes of inter- 
ference, and the impediments which arise are often, 
apparently, so insignificant in their extent, that 
even when ascertained they are frequently neglected. 
Those, however, who bear in mind how small is the 
amount of motive power in any apparatus of this 
description, will not consider as unimportant, any 
impediment, however small, which they may detect; 
but in the more complicated forms of the apparatus, 
so many causes become operative, that the reason 
of failure may sometimes elude the detection of 
even an experienced practitioner, 

(35.) It has occasionally occurred that the cir- 
culation of the water in an apparatus has been 
reversed, the hot water passing along what should 
be the return-pipe, and tlie colder water following 
the course of the fiow-pipe. This efi'ect has some- 
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times been exceedingly puzzling; but it will be 
found to arise in those ajiparatus which have but 
small motive power, and in which the principle has 
not been followed out of making the water rise to 
the highest point of the apparatus as soon as pos- 
sible, and allowing it, in its return to the boiler, to 
give out its heat to the various pipes, coils, or other 
distributing surfaces which it is designed to heat. 
If the opposite course to tliia be adopted, the fric- 
tion in the pipes often becomes so considerable that 
the direct and natural action of the ascending 
column is altered, and the hot water meeting 
k'ss resistance by passing through what ought to 
be the return-pipe, converts it at once into a flow- 
pipe, and entirely reverses the ordinary action of 
tiie apparatus. This is particularly hable to occur 
in boilers which have but little depth ; and it some- 
times happens that the apparatus, when constructed 
in this way, will operate most capriciously, the circu- 
lation sometimes being direct and sometimes retro- 
grade.and sometimes stopping altogether. Whenever, 
therefore, the pipes rise to any considerable height 
above the boiler, it is very desirable that the moat 
direct route should be provided for the water to 
flow first to the highest elevation, after which, in 
its return to the boiler, it may be made to pass 
through the various pipes, coils, and other heafc- 
distributing surfaces, which will thus secure its 
most efiicient action and the most perfect circula- 
tion. 

(36). The distance through which the wata: 
will circulate in a hot-water apparatus is very great ; 
its limit has not yet been ascertained, and probably 
never will be, as it must depend upon many cir- 
cumstances totally differing in almost every appa- 
ratus. The higher the water rises above the boiler, 
the greater is the length through which it may 
afterwards be made to circulate, and many appa^ 
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ratus are successfully working where the water cir- 
culates through several hundred feet of pipe, in a 
continuous course, before it again retui'iis back to 
the boiler to be reheated. In general, however, it 
is very desirable to shorten this circulation as much 
as possible, and an apparatus will always be more 
efficient if it can be so arranged, by altering the 
position of the boiler, or the disposition of the 
pipes, that the water shall run througli two or 
more distinct and short circulations, rather than 
through one long one. Nor is this recommenda- 
tion at all at variance with what has been previously 
stated about the velocity of circulation being in- 
creased by lengthening the circulating pipe (Art. 
19). For while impediments to the circulation 
may be overcome by a considerable difference of 
temperature in the flow and return-pipe, the appa- 
ratus will always be more efficient when the tem- 
perature of the various parts of the apparatus does 
not very widely differ. 

(37.) When an apparatus is so constructed that 
the boiler is considerably below the pipes or other 
surfaces giving out heat, the circulation is sure 
to be very rapid, and the greatest effect will always 
be obtained by making the circulation as shoit as 
possible, so as to have as little difference as may be 
in the temperature of the flow and the return-pipe; 
but when, on the other hand, the pipes and boiler 
are nearly on a level, it is frequently necessary that 
a greater difference shall exist between the tem- 
perature of the flow and return-pipes, in order to 
produce a good circulation, and to overcome any 
obstructions arising from dips in the pipes or any 
other disturbing cause. 

(38.) The necessity of making provision for the 
escape of the air from the pipes, has already lieen 
mentioned. It may be observed that, in such forms of 
the apparatus as are described in the last four figures. 
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the difficulty of its expulsion is much increased, as 
tliure are several points where it mil collect and 
stop the circulation, unless proper means be taken 
to prevent this result. In tlie apparatus, fig. 9, the 
air will collect at three points, /, m, and «; and the 
nature of the outlets provided for its escape will 
depend, in some measure, upon the plan adopted for 
supplying the apparatus with water. It frequently 
requires the greatest care and the closest attention 
to discover where the air is likely to lodge, as the 
most trifling alteration in the position of the pipes 
will entirely alter the arrangements with respect to 
the air vents. Want of attention to this has heeti 
the cause of many failures ; and the discovery of the 
places where the air will accumulate is, occasionally, 
a matter of some difficulty. For although it be true; 
in a general sense, that the air will rise to the 
highest part of the apparatus, it will frequently be 
prevented getting to those parts by alterations in the 
level of the pipes, and by other causes. This is the 
case at m, fig. 9, where, it will be seen, the afr which 
accumulates in that pail of the apparatus is ppe^ 
vented from escaping to a higher level, by the 
vertical angle at/on the one side, and t on the other. 
In the apparatus, fig. 11, the air will accumulate at 
ff and at zt; and must be carried off by proper out- 
lets ; and in every case provision must be made for 
the air to pass, either by a level pipe or by ascend- 
ing gradients, for in no case can it be made to pass 
downwards (however small the extent) in its passage 
to the vent provided for its escape. 

(39.) When a boiler is open at the top, or merely 
has a loose cover laid on it, no particular carets 
ne'cessary respecting the siipply of water. It can 
generally be poured in at the boiler, taking care not 
to fill it quite full, so as to allow for the expansion of 
the water when heated, as otherwise it will overflow. 
But when, as in figures 7, 9, 10, 11, and 12, the 
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boiler is close at the top, it is usual to place a supply 
cistern on a level with, or above the highest part of 
the apparatus, so as to keej) it always full of water. 
But as water expands about .^ jjart of its bulk, when 
it is heated from 40" (the point of its gi-eatest con- 
densation) to 212°, it is indispensably necessary to 
provide for a part of the water returaing back to 
the supply cistern when this expansion takes place. 
The cistern, however, needs not contain so much 
water as -^ part of the whole contents of the appa- 
ratus ; for it is found, in practice, that a much less 
quantity than this returns back into the cistern on 
the apparatus being heated. This arises from tlie 
fact of the water not reaching to so high a tempe- ■ 
rature as 212°, and also in consequence of its being 
generally at a higher temperature than 40" before 
it is heated, and by both these causes the expan- 
sion is considerably lessened ; for if the water be 
raised from 50° to 180°, the expansion will only be 
about ^ part of its bulk, and the expansion of the 
iron itself, by giving an increased capacity to the 
apparatus, will also tend still further to diminish the 
quantity of water returned back into the cistern. 
A very good proportion for general purposes is to 
make the supply cistern contain about ^ of the 
whole quantity of water in the pipes and boiler ; 
though, for the reasons above stated, a smaller size 
will answer in many cases, where economy or con- 
venience requires it to be reduced. A table is given 
at the end of this volume, showing the contents of 
pipes of all sizes, and which will enable any one 
easily to ascertain the correct size of these expansion 
and supply cisterns for any apparatus. 

(40.) The usual plan for a supply cistern is shown 
at A, in fig. 13. The cistern is placed in some con- 
venient situation, and then attached, by a small 
pipe, to any part of the apparatus — usually, to the 
lower pipe, as it is then less likely to allow of the 
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Fw. 13. escape of vapour, than 

if it were fastened to the 
top of the boUer. But 
a still better plan is to 
bend the pipe, attached 
to the cistem, into the 
form shown by x y, 
which is a preventive to the escape of any heat 
or vapour at that part, as the legs of the syphon 
X generally remain quite cold. 

(41.) One verj' important part of the subject of 
expansion, is the necessity which exists for allowing 
sufficient room for the elongation of the pipes when 
they become hot. Want of attention to this has 
caused several accidents; for the expansive power 
of iron, when heated, is so great, that scarcely any- 
thing can withstand it. The linear expansion of 
cast iron, by raising its temperature from 32" to 
212°, is •0011111, or about ir^, part of its length, 
which is nearly equal to H inches in 100 feet. 
Therefore it is necessary to leave the pipes uncon- 
fined, so that they shall have free motion length^ 
ways, to this extent at least ; and instead of confining 
them, as sometimes has been done, facilities should 
be provided for their free expansion, by laying small 
rollers under them at various points : for as the 
contraction on cooling is always equal to the ex- 
pansion on heating, unless they can readily return 
to their original position when they become cool, 
the joints are very likely to get loose, and to be- 
come leaky. These rollers may be made simply of 
a piece of rod iron, about one-fourth or three- 
eighths of an inch diameter, which may be fixed in 
a frame to supjinrt the pipes, or they may lie loose 
on a stone or brick |)ier, the pipes being supported 
by tliis means at about every alternate joint 



CHAPTER III. 

On the Resistance by Friction — Relative Size of Main Pipes 
and Branch Pipes — Vertical Main Pipes — Small connecting 
Pipes — Branch Pipes at different Levels — Stop Cocks and 
Valves — 'Their Use and proper Size — ^Their place supplied 
by Cisterns — ^Inconvenience of them — Remedies. 

(42.) When treating, in the preceding chapter, 
on the velpcity of the circulation of water, it was 
observed that the theoretical velocity is always 
considerably reduced by friction. Although the 
calculation of the friction of water, in passing 
through pipes, is Intricate,* the relative friction for 
different sizes of pipes is easily ascertained; and 
this appears to be nearly all that it is necessary to 
be acquainted with for the purpose of the present 
inquiry. 

The^ friction occasioned by water passing through 
small pipes is very much greater than in those 
which are larger. This arises from two causes: 
the increased surface with which a given quantity 
of water comes into contact by passing through a 
small pipe, and the greater velocity vdth which the 
water circulates, in consequence of losing more heat 
per minute.f 

* See Art. 22. 

t See Chape IV., Art. 61. This latter remark of course 
only applies to water circulating in a hot-water apparatus : the 
former applies to all cases of hydraulics. 
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(43.) The relative friction for different sizes of 
pipes, when the velocity with which the water 
pasxes is the same in all, may be seen in the fol- 
lowing Table: 

Jiifurietor of Pipes ^. 1, 2, 3, 4, inches. 
Friction . S, 4, 2, !-3, 1. 

Taking the friction, in pipes of four inches diameter, 
as unity, that of a [)ipe two inches diameter is twice i 
aH mucll, and a one-inch pipe four times as much 
as the ])ipe of four inches ; the friction being as the 
Biirface alrectly, and the whole quantity of water 
inversely.'^ 

(41. ) The friction which arises from increased 
velocity, is nearly as the square of the velocity; but 
this calculation it is unnecessary to enter into here, 
Itw^ausc tlie velocity of circulation of the water, in 
a Iiot-water Hj»paratus, is constantly subject to 
fluctuation: for as the friction increases with the 
velocity of circulation, so the velocity is checked 
by tlie increased friction ; and it finally assumes a , 
mean rate, proportioned to the friction on the one , 
hand, and the theoretical velocity on the other, 
calculated according to the rule (Art, 21) in the 
preceding chapter, 

(45.) Closely connected with the subject of fric- 
tion, is the question of the proper size for leading 
or main pipes. It has been supposed by many per- 
sons that where two or more circulating pipes are 
attached to one main pipe, the area, or section of 
the main pipe, ought to be equal to the sum of the 
areas of all the branch pipes. Tliis has led to the 
most inconvenient an-augements having beep re-, 
sorted to in particidar cases. In some instance^ 
pipes as large as nine inches diameter have beeii 
used for the main pipes, where those of four Inches 
would have answered the purjiose infinitely better; 

• Dr. Yoting'a Hj-iimulics, S^icholson'i Journal, vol. iii. p. 31, 
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and other proportions equally erroneous have fre- 
quently been adopted. 

(46.) It has been already explained (Art. 23), 
that the motion of water is more rapid in an up- 
right than in a horizontal pipe. If four branch 
pipes be supplied by one upright main pipe, this 
latter needs be very little, if any, larger than the 
circulating pipe; but if only two or even three 
branches are to be supplied by one main pipe, it 
will be quite unnecessary in ordinary cases that the 
upright main pipe should be any larger than the 
branches, unless the length of the horizontal pipe 
be unusually great. If the branches exceed this 
number, it may be desirable to increase the diameter 
of the upright main pipe, in a moderate degree ; 
but the motion of the water through it, however, 
will be just so much the more rapid, in proportion 
as there are more branches for it to discharge the 
water into. For it is evident that, if the outlet 
from the boiler be by a pipe four inches diameter, 
the flow of water will be more impeded, than if a 
pipe of six inches tUameter were used; and the 
water will therefore become specifically hghter in 
the boiler than in the descending pipe, in a greater 
degree in the former case than in the latter; and 
this will consequently cause a more rapid circula- 
tion through the apparatus. But, though the fric- 
tion of the water will be greater in the ascending 
pipe by this arrangement, yet it will not be of 
importance, except when very small pipes are used; 
for the friction is extremely small in a vertical pipe 
to an ascending current of water. As a general 
rule, it may be observed, that all horizontal leading 
pipes require to be much larger in proportion to 
the branches than is requisite vrith vertical leading 
pipes, in consequence of the friction being so ex- 
ceedingly small in the latter case. 
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(47.) Another advautage will arise from this ar- 
rangement, in consequence of a small pipe, under 
these circumstances, losing less of its heat than a large 
one. For, suppose four branch pipes, four inches 
diameter, are to be supplied by one main pipe; one 
pipe of eight inches diameter would have the same 
sectional area as the foiu- pipes of four inches dia- 
meter ; but if, instead of being eight inches diameter, 
the main pipe be made only four inches diameter, 
then the water must travel four times faster through 
this pipe than it would do through the one of eight 
inches diameter, in order to supply the same quan- 
tity of heat to the branch pipes. This it will do 
very nearly ; and it may easily be deduced, that, 
under these circumstances, the water will only lose 
one-half as much heat by passing through the 
small pipe, as it would in passing through the larger 
one ; for the loss of heat which the water sustains, 
is directly as the time and the surface conjointly.* 

(48.) On the same principle it will frequently be 
found exceedingly convenient, when two rooms or 
buildings, somewhat distant from each other, are 
required to be warmed by one boiler, to make the 
connecting pipe between them much smaller than 
the pipe used for radiating the heat to warm the 
buildings. For, on the principle already mentioned, 
there will be a saving, as well of heat, as in the cost 
of the apparatus, by reducing the size of the pipe 
in that part which is not required to give off heat, 
but which is merely used to connect different parts 
together.f In this manner, a pipe of one-inch dla- 

* See Chap. X., Art. 229. 

t As all altonttions iu the size of the pipe, either by enlargiiig 
or contmctiug ita diameter, materially alter the velocity of the 
circulation of the water, care should be taken that these alter- 
ationa be not made capriciously, and without some decided 
advantage appears to be attainable by so doing. Venturi found 



meter may frequently be made to supply a pipe of 
four inches diameter ; and it will sometimes be found 
convenient to connect pipes of large diameter with 
the boiler by this means, when the total length of 
pipe is not great. For it must always be borne in 
mind, that the size of the leading or main pipes 
ought to bear some proportion to the actual quan- 
tity of water that is required to pass through them; 
and while it miglit be extremely convenient, in 
particular instances, to connect pipes of four inches 
diameter to the boiler, by the intervention of small 
pipes of one-inch bore, when the total quantity of 
pipe is small, it would be a fatal mistake to adopt 
the same arrangement if three or four hundred feet 
of large pipe were connected to a boiler by means 
of so small a pipe as is here stated; and, therefore, 
the connecting pipe ought to bear some proportion 
to the total quantity of water that has to pass 
through it, being larger in diameter when the 
quantity of water contained in the apparatus is 
greater, and smaller when the quantity of water is 
less. 

(49.) Very important results frequently arise 
from errors with respect to main pipes which are 
placed vertically, in consequence of the great velo- 
city with which the water circulates through such 
pipes. It frequently happens that the pipes which 
branch out from an upright main pipe, are re- 
quired to circulate at very different heights ; as, 
for instance, in warming the several floors of a' 
warehouse or manufactory. In this case, two 

by experiment that enlargementa in a, pipe reduced the velocity 
of dificliarge as follows : — When a given quantity of water wws 
discharged through 

A. atraight pii>e in ... . 109 seconds, 
A. pipe with one enlargement required 147 „ 
„ three . . . . 192 „ 

„ five ... . 240 

e2 



methods may be adopted: the pipe may either rise 
to the highest floor or level first, and after passing 
roimd such uppermost room, descend and circu- 
late round that which is below it; then proceed to 
the next lowest, and so on, till it finally returns 
again to the boiler : or each floor may havB a 
separate range of pipes branching off' ti-om the 
main pipe, and finally returning, either together or _ 
separate, into the boiler. In the fii-st of these 
cases it is obvious that the temperature will be 
very much greater in the higher floors than in the 
lower, unless the quantity of pipe, or other radi- 
ating surface, be very unequally distributed. ' For 
the water, by having passed through a great length 
of pipe before it reaches the lower rooms, will be 
much reduced in temperature, and the upper rooms 
will be heated long before the others become at all 
warm ; and at all times the temperature will be 
very unequal. To obviate this, each floor should 
be warmed separately by its own range of pipCT. 
But this requires particular management; for, if 
the several pipes merely branch out fi'om the side 
of a vertical main pipe, the whole of the hot water 
will rise to the upper pipe, and leave all the lowef 
lateral branches without causing any circulation of 
hot water through them. In order to avoid thfe, 
it is necessary either to have a separate pipe rising 
directly from the boiler, for each floor; or some 
means must be adopted to check the water in its 
upward course through the vertical main pipe wheii 
only one is used for several different floors. In 
fig. 14, it will be perceived that the water which 
passes up the pipe b, receives a check at b, and 
thereby, of course, facilitates the flow of water 
through the flrst horizontal pipe, which would 
otherwise have been left stagnant. The same 
occurs also at c for the same reason ; and by this 
means a nearly equal flow of hot water may be 
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^ obtained ; while, 

had the supply- 
ing main from 
the boiler passed 
directly upwards 
in a perfectly 
straight line, all 
the hot water 
would have pass- 
ed at once into 
the upper pipe, 
and the lower 
ones would have 
been left com- 
paratively cold. 
But even with 
this aiTangement, 
it is extremely 
difficult some- 
times to prevent 
all the hot water passuig up to the upper floor, 
and leaving the lower floors unheated. It is,. 
tnerefore, oftentimes very necessary to make a 
distinct rising pipe for the lower floors, in 
order to equalize the flow of hot water to the 
different levels. The upper main pipes should 
likewise be of smaller size than the lower ones ; 
and if one main only be used, it is very de- 
sirable considerably to reduce the size as it 
passes upwards, commencing perhaps with 4 inch 
pipe for the first floor, reducing it to 2 inches, as 
it passes upwards to the second floor, and then 
^■educing it still further in size as it leads upwards 
tO| the third floor. And unless some such contii- 
yance be used, it is almost impossible to prevent 
the whole of the hot water passing to the upper 
floor first, and luaking a most defective circulation 
in the lower ranges of pipes. 
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(50.) It is perfectly immaterial how many pipes 
lead out of or into the hoiler: but it will generally 
mucli simplify the ajiparatus, if branch-pipes be 
used as in fig. 14, instead of making several separate 
outlet pipes, and various inlet pipes to the boiler. 

Very frequently it happens that several branch- 
pipes are required from the boiler, to circulate 
nearly at the same level ; particularly in horticul- 
tural buildings, where two or three hot-houses are 
required to be warmed by one boiler. This seldom 
presents any diificulty, unless it be required occa- 
sionally to stop off certain of these houses, while 
the others are heated. In these cases, a compli- 
cated and expensive arrangement of cocks or 
valves becomes necessary. But here the rule, 
which has already been given (Art. 46 and 48), for 
connecting pipes, may likewise be followed, where 
«top-cocks are required occasionally to shut off the 
communication between different parts of an appa- 
ratus, so as only to warm one particular room or 
part of a building. The cocks used for this purpose 
need not always be so large as the bore of the 
pipes. Some judgment, however, must be exercised 
in all such cases ; for, both with connecting pipes 
and cocks, if the size be very disproportionate, 
the free circulation of the water will of course be 
impeded. In most cases, a cock of two inches 
diameter will be sufficiently large to use with pipes 
of four inches diameter ; and a cock of one-and-a- 
half inch diameter, with pipes of three inches dia- 
meter : but for very small pipes, the relative pro- 
portions should perhaps be more nearly equal to 
the size of the pipes, on account of the increased 
friction. And it should be observed, that when an 
apparatus has but an indifferent circulation, this 
alteration in the bore of the water-way will be very 
likely still further to impede it, though the exact 
result will depend upon a variety of causes, for 



which it is not easy to lay down a general rule. 
In such an arrangement of pipes as in fig. 14, it is 
frequently very useful to use small-sized cocks or 
valves, for the purpose of checking the flow of 
water in particular directions ; while in an appara- 
tus like fig. 9, the same proportionate size of cocks 
might be very injudicious, and greatly impede the 
circulation. 

(51.) When cocks or valves are used to stop off 
the circulation of a particular part of the apparatus, 
it is not sufficient merely to stop the upper, or flow 
pipe ; but the corresponding pipe which returns the 
water to the boiler must also be stopped, otherwise 
the hot water will circulate backwards through the 
return-pipe, and pass into the flow-pipe; and thus 
the whole wUl become heated. This more parti- 
cularly applies to those cases where the boiler is 
placed at any considerable depth below the circu- 
lating pipes ; for then, as already stated, the circu- 
lating power will be much increased. But it may 
be laid down as a general rule, that where the 
circulation is tolerably good, it is not enough to 
place a cock or valve on the flow-pipe alone ; but 
the retiu"n-pipe requires to be stopped also, Cases 
undoubtedly sometimes occur in which a valve or 
cock placed in the flow-pipe will effectually shut 
off the circulation, without also putting one in the 
return-pipe ; but it will generally be found that in 
these instances the boiler is either too small for its 
vork, or that it is not worked at its full power ; or 
that there is something peculiar in the arrangement 
which renders the portion of the circulation, thus 
Stopped off, naturally more sluggish and inert than 
the rest of the apparatus ; and| therefore a very 
small obstruction will be sufficient to stop entirely 
the circulation through it. But in almost all the 
apparatus which have a good circulation, and a 
boiler sufficiently powerful, it will be found neces- 
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sary to stop the retiim-pipe as well as the flow- 
pipe, in order effectually to shut off the circu- 
lation. 

(62.) In order to avoid the expense of codes or 
valves in these cases, an open cistern, as in fig. 15, 
Pjq |j; has somethnes 

been used. 
From this cis- 
tern all the 

several flow- 

', pipes are made 

to branch out ; 
and then by 
driving a wood 
plug into any 
one or more 
of tliese pipes, 
the circulation will be stopped in those pai-- 
ticular pipes until the water throughout the 
whole apparatus becomes heated, when it will 
generally flow back through the return-pipe as 
above mentioned. This inconvenience, however, 
may be prevented by such a contrivance as shown 
in the return pipe of fig. 15, which is simply an 
inverted syphon of a few inches in depth. This 
will not prevent the circulation when the flow-pipe 
remains open ; but if that be closed by a plug in 
the cistern, then the hot water will not return back 
through the lower pipe. This inverted syphon, 
however, will in process of time be Hable to 'be 
choked up with dirt, which will accumulate in the 
lower part of the bend ; and for the purpose of 
removing this, it will be necessary to make a cap, 
or covering to the lower part of it, which can be 
removed at pleasure, for the purpose of clearing 
away any sediment that may accumulate. These 
cisterns, however, when thus used, are at best but 
a clumsy way of supplying the place of cocks or 
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vdves. The latter are sometimes made to stop off 
botib the flow and return pipe at one operation; 
but in whatever way these are arranged, they are 
g^3[erally one of the most troublesome parts of the 
apparatus, as cocks and valves of all kinds are 
liable to get out of repair unless they are in the 
hands of those who perfectly understand them, and 
will keep them in proper order. 

(53;) Though some of the propositions respecting 
the relative sizes of connecting pipes, main pipes, 
and cocks, may appear to be at variance with the 
laws of hydraulics, they will nevertheless be found 
correct ; because several of the effects are to be 
referred either entirely to hydrostatic laws, or to a 
compUcated result of hydrodynamics; and therefore 
they are not to be judged of by simple hydraulic 
principles ; they rest not on mere hypothesis, but 
may be rehed on as practical results obtained under 
almost every variety of circumstances, and too fiJly 
tested to admit of any doubt of their accuracy. 




F^maaence of Temperature — Rates of Cooltog for diffemnt 
tOE^d Bodies — -Proper Sizes for Pipes — RelatiTe Size of Pipes 
and Boiler — Various Forma of Boilers, aud their Peculiarities 
— Boilers heated by Ga3 — ObjectioDa ag'^inst uintracted 
Water-way in Boilera— Proper Size of Boilers for aiiy given 
lengths of Pipe — Wtat constitutes a good and efficient 
Boiler — Durability of different materials for Boilers, 

(54.) One of the greatest advantages which the 
plan of heating by the circulation of hot water 
possesses over all other inventions for distributing 
artificial heat, is, that a greater permanence of 
temperature can he oht^ned by it, than by any 
other method. The diiference between an appa- 
ratus heated by hot water, and one where steam is 
made the medium of communicating heat, is not 
less remarkable in this particular, than in its supe- 
rior economy of fiiel. 

(55.) It seldom happens that the pipes of a hot- 
water apparatus can be raised to so high a tempe- 
rature as 212°; and, in fact, it is not desirable to 
do so ; because steam would then be formed, and 
would escape from the air vent, or safety pipe, 
without affording any useful heat. Steam pipes, 
on the contrary, must always be at 212° at the 
least, because, at a lower temperature, the steam 
will condense. A given length of steam pipe will 
therefore afford more heat than the same quantity 
of hot-water pipe : but if we consider the relative 
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permanence of temper<itiire of the two methods, we 
shall find a very remarkable difference in favour of 
pipes heated with hot water. 

(56.) The weight of steam at the temperature of 
212°, compared with the weight of water at 212% 
is about as 1 to 1694 ; so that a pipe which is filled 
with water at 212° contains 1694 times as much 
matter as one of equal size filled with steam. If 
the source of heat be cut off from the steam pipes, 
the temperature will soon fall below 212% and the 
steam immediately in contact with the pipes will 
condense : but m condensing, the steam parts with 
its latent heat; and this heat, in passing from the 
latent to the sensible state, will again raise the 
temperature of the pipes. But as soon as they are 
a second time cooled down below 212% a further 
portion of steam will condense, and a further quan- 
tity of latent heat will pass into a state of heat of 
temperature ;* and so on, until the whole quantity 
of latent heat has been abstracted, and the whole 
of the steam condensed, in which state it will pos- 
sess just as much heating power as a similar bulk 
of water at the like temperature ; that is, the same 
as a quantity of water occupying j^ part of the 
space which the steam originally did. 

(57.) The specific heat of uncondensed steam 
compared with water, is, for equal weights, as '8470 
to 1 : but the latent heat-f- of steam being estimated 
at 1000% we shall find the relative heat obtainable 
from equal weights of condensed steam, and of 

* The tent of temperature is that which is appreciable by 
the thermometer; and the term is used in contra-distinctioTi to 
latent he&t, which ia not capable of being measured in a direct 
manner by any inatmrnent whatever. 

t The results of different eiperiments on the subject of tha 
latent heat of steam, although aomewhat various, are yet suffi- 
ciently near for all practical purpoaea. Watt's experimenta 
gave 900" to 950" ; Lavoisier and Laplace, 1000'; Mr. Southern, 
045"; Dr, Ure, 967" to 1000°; and Count Rumford, 1000°. 
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water, reducing both from the temperature of 212" 
to tiO", to be as 7"425 to 1 ; but for equal bulks, it 
will be as 1 to 228 ; that is, bulk for bulk, water 
will give out 228 times as much heat as steam, on 
reducing both from the temperature of 212° to 60". 
A given bulk of steam will therefore lose as much 
of its heat in one minute, as the same bulk of 
water will lose in three hours and three quarters. 

(58.) When the water and the steam are both 
contained in iron pipes, the rate of cooling will, 
however, be very different from this ratio ; in con- 
sequence of the much larger q\iantity of heat 
which is contained in the metal itself, than in the 
steam with which the pipe is filled. 

The specific heat of cast-iron being nearly the 
same as water (sec Table V., Appendix) ; if we take 
two similar pipes, four inches in diameter, and one 
quarter of an inch thick, one filled with water, and 
the other with steam, each at the temperature of 
212°; the one which is filled with water will cbd- 
tain 4*68 times as much heat as that which is fiUell' 
with steam: therefore if the steam pipe cools dowTi 
to the temperature of GO" in one hour, the pipe con- 
taining water woxdd require four hours and a half, 
under the same circumstances, before it reached 
the like temperature. But this is merely reckoning 
the effect of the pipe and of the fluid contained itt 
it. In a steam apparatus this is all that Is effective' 
in giving out heat: but in a hot-water apparatus,' 
there is likewise the heat from the water contiaiiiea' 
in the boiler, and even the heat from the brick- 
work around the boiler; which all tends to increas^' 
the effect of the pipes, in consequence of the circu-' 
lation of the water continuing long after the 'firi?'iii 
extinguished ; in fact, so long as the water is of a' 
higher temperature than the surromiding air of the 
room. From these causes, the difference in the., 
rate of cooling, of the two kinds of apparatus, will 




be nearly double what is here stated: so that a 
building warmed by hot water will maintain its 
temperature, after the fire is extinguished, about 
six or eight times as long as it would do if it were 
heated with steam. 

This is an important consideration wherever 
permanence of temperature is desirable ; as, for 
instance, in hot-houses, conservatories, and other 
buildings of a similar description ; and even in the 
application of this invention to the warming of 
dwelling-houses, manufactories, etc., this property, 
which water possesses, of retaining its temperature 
for so long a time, and the very great amount of its 
specific heat, prevents the necessity for that con- 
stant attention to the fire, which has always been 
found so serious an objection to the general use of 
steam apparatus. 

(59.) The velocity with which a pipe or any 
other vessel cools, when filled with a heated fluid, 
depends principally upon two circumstances — the 
quantity of fluid that it contains, relatively to its 
surface, and the temperature of the air by which it 
is surrounded; or, in other words, the excess of 
temperature of the heated body above that of the 
suiTOunding medium. The subject of the radiation 
of llfeat, and the rate at which a heated body cools, 
under various circumstances, will be fully consi- 
dered in anotlier chapter. But for temperatures 
below the boiling point of water, and under such 
circumstances as we are now considering with 
regard to hot-water pipes, the velocity of cooling 
may be estimated simply in the ratio of the excess 
of heat, which the heated body possesses above the 
temperature of the surrounding air. The variation 
in the rate of cooling, arising from a difference hi 
the proportions of the superficies to ttie mass, is, 
for bodies of all shapes, inversely, as the mass divided 
by the superficies. Therefore, the relative ratios of 



advairtagt'ously used. It ttiay "be 'it!*teh'""jW''^" 
invaHahle rule, that in no cftse should ^ipetf c^' 
greater diameter tlian four inches be used, because, 
when tht-y arc of a larger size than this, the quan- 
tity of water they contain is so considerable, that \ 
it makes a great difterence in the cost of fiiel, in ' 
consequence of the increased lengtli of time required ' 
to heat them. (See Art. 108.) For hot-houses, 
green-houses, conservatories, and such hke build- 
ings, pipes of four inches diameter will generally 
b« found the best ; though, occasionally, pipes of 
three inches diameter may be used for such pUTi. ', 
poses, hut rarely any of a smaller size. In churcnes, ' 
dwelling-houses, manufactories, etc., pipes of either 
two or three inches diameter will he found the 
most advantageous ; for they will retain their heat 
sufficiently long for ordinary piuposes, and their 
temperature can be Sooner raised, and to greater 
intensity, than larger pipes; and, on this account, 
a less number of superficiiU feet will suffice to 
warm a given space. -- __.^ 

(03.) In adapting the bdtler to a hot-water 
apparatus, it is not necessary, as is the case with a 
Ktearn boiler, to liave its capacity exactly propor- 
tional to that of the total quantity of pipe which is 
attached to it : on the contrary, it is sometimes 
desirable even to invert this order, and to attach a 
boiler of small capacity to pipes of large size. It , 
is not, however, meant, in recommending a boiler^ 
of small capacity, to propose also that it shall be 
of small superficies ; for it is indispensable that it 
should present a surface to the fire, proportional 
to the quantity of pipe it is required to heat ; and 
in every case, the larger the surface on which the 
fire acts, the greater will be the economy in fuel, 
and the greater also will be the effect of the , 
apparatus. 

(64.) The sketches of the boilers, figs. IG to 28, 
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sre several K^er^nt fonns which present various 

extents of sur&ae in proportion- to iheir capacity. 

Vtii. 1* Fia 17. Via. 18. Fis. 19, 




All except the first two, however, have but a 
small capacity, relatively to their superficies, com- 
pared with boilers which are used for steam. There 
IS n.p advantage whatever gained by using a boiler 
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flri^ is contsaned in a fire-clay receptacle, by Which 
means a smaller fire may be made to keep alight 
for many hours without attention; and by tihis 
.contrivance a very much smaller boiler may] be 
Wiiuio to act yfliciently than it otherwise could luo. 
Both these boilers answer extremely well.. ! uid 
(66.) It may l)e here remarked, that boilers ito 
be heated by jras have occasionally been used ; and 
perhaps the best application of a gas boiler is to 
make it of copper, and in fonn like tlie upper part 
of fig. 25. When thus used, a biuTier consisting fif 
a single or double ring, pierced for a number ■of 
yets, is the best mode of ajipljing gas for this pur- 
pose : but the expense of burning gas for artificial 
heat is so much greater than coals, that few per- 
sons will use this mode of wanning after tney 
become really aware of the expense. The cost of 
■gas when used in tliis way, is never less thaniMi 
times the cost of coals ; and if it be so burned as 
to allow tlie products of combustion to escape into 
the open air through a chimney, the cost is about 
twelve times that of coals.* 

* Tliia subject ie still further esplaincd in Chap, II., PartJL, 
in treating upon gas stoves. It may, however, be here obaewed, 
tJiftt tlho author has found that in a green-houBe heiited witi 
70 feet of 2-inch pipe, by & gas boiler, 100 oubjafeet of gasipir 
hour was reqliired to heeip up the heat, the cost of which .wqq^ 
be (at 5s. per thousiyid cubic feet) about 6s., for 1 2 hours bunwgi 
wtile by the Table, Art 114, it appenrs the ctst of conlffto 
'[Produce the sanio effect would be about id. IVoin some'trthw 
eiperimenta, it likewise appeared that it required 60 cubiofUt 
of gas to raise the temperature of 80 gallons of water 50°; ti** 
ia, from a temperature of 50° to 100° Fahrenheit. The cprt pf 
this would be 2d. i while the coat of coals to produce th^'^ilne 
effect (see Art. 94} would be sii-tenths of a penny, or aeiWily 
nrore thtin ctno-sixth the cost of gas. In this latter csso .(he 
burnt gas did not escape by a chimney ; in the former obm ^ 
did so escape ; thus showing the great difference in cost V^i^ 
a chimney is used. Tlie excosaivo unwholesomeness, howevti, 
of 'burning large quantities of gas, withont Carrying off"' ifte 
products of combustiou. renders the use of a chimney- almost 
indispensable. 
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f* "(67.) There are many other forms of boilers 
"(fhich have been proposed for the hot^water appar 
•latus; and, in fact, the multiplication of tliem 
appears almost without limit. It is, perhaps, 
-BCarcely any exaggeration to say, they amount to 
hundreds. When strictly considered, however, 
'there is scarcely one that presents any real novelty, 
fand generally they are mere colourable adaptatioHR 
'of some one of those which have been described; 
and the wonderful effects which sometimes are 
attributed to them, arise either fi-om the parties 
'being deceived in the results, or from their being 
imacquainted with what has previously been accom- 
■plished by others. The principles on which a boiler 
must be constructed in order to become efficient, 
•are as fixed and immutable as the lawK of nature; 
land the modes by which these principles are to be 
appUed, are all detenninable by experience, and 
^can be correctly judged of by certain rules, beyond 
'the possibility of error. The mode of doing this 
fwill be pointed out in the present chapter ; and 
may, perhaps, in some degree tend to prevent the 
erroneous notions which frequently prevail upon 
;jfhis sixbject, 

if (68.) The adoption of boilers of small capacity, 
ihaving been recommended (Art. 64,) it is necessary 
Ho accompany the recommendation with a caution 
l.against running into extremes ; for this error has 
-been the cause of failure, and qf the inefficiency of 
jthe apparatus in many instances. The sketch, flg. 
■'SI, is an instance of this sort, in which an absurd 
/extreme has occasionally been adopted. The con- 
vtents of a boiler of tliis shape sometimes does not 
•Exceed a couple of gallons, even when appUed to a 
-V^ lai^e furnace ; and though this boiler presents 
"& large siirface to the fire, the space allowed for the 
^prater is so small, that the neutral salts and alkaliiie 
jearths, deposited by the water which evaporates 
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from the apparatus, contract the wat«j; way, vlr^A^ 
far too small, aud etfectuallj impede tl^ dreul^r 
tion, and also prevent the full force of the fire from 
acting on the water. In a very small appwatus 
however, this form of boiler has occasionally b^«ji 
used with advantage, the fire being less intense.: , . 

(69.) But perhaps the more immediate cause, of 
feilure of this shaped boiler, arises from a different 
and very singular circumstance. The quantity of 
water which it contains being so very sm^I, and. the 
heat of the fire, therefore, when the furnace is large, 
being very intense upon it, a repulsion is caused 
between the iron and the water, and the latter does 
not receive the full quantity of heat. This extraor- 
dinary effect is not hypothetical ; it has been proved 
to exist by the most satisfactory experiments i parr 
ticularly some which were made by the Members 
of the Praiiklin Institution of Pennsylvania. Xfe* 
repulsion between heated metals and water,, they 
ascertained to exist, to a certain extent, even,*t 
very moderate degrees of heat ; being appreciably 
different at various teraperatui-es below the boiliug 
point of water. But, as the temperature rises, tbp 
repulsion increases with gi'eat rapidity ; so that irot^, 
,when red hot, completely repels water, scarcely 
communicating to it any heat, except, perh^ps^ 
when under considerable pressure.* 

The boiler in question, however, seldom or n^TftT 

* Mr. Jacob PerkiixB brought this carious tact) promiBaotl^ 
forward during his iuguiiious experiiaente ou liigh-pressure steitis. 
It htm, hciwevor, loug been known as a pliilosophical fkchi ^^^ 
was first observed in 1756, by M. Ltindenfrost. M. Klaprotfi 
anbaequently investigated it, and publiahed some experbiiei^a Ac 
the subject {Jficholgon'a Jona-nal, \<A. iv., p. 208). In the ■' Fulift- 
mentory Ropoit uid Evidence on the Scotch DistiUcrisa for 1 J!96 
and lTi)9" (p. 610), there is a quotation from " Ohaptal's C3i«- 
miatry," showing that ho wns well acquainted 'with the feat ; utd 
(JBo BomB experiments by M. Zeigler, by which he asaertained 
that a, drop of wntev took 89 uecouds to evaporato from metal 



reaches the temperature of luminosit^fy-thtMgh S 
is still sufficiently high to make a considemblfl 
difference in the heating of the water. Added to 
this, the form of it prevents the ftill effect of the 
heat being communicated to the pipes; for the 
extreme smallness of the water-way prevents th^ 
rapid communication between the various parts, 
and therefore the upright or flow pipe receives its 
principal supply of heat irom that portion of the 
boiler which is immediately beneath where it is 
fixed, instead of that equable communication of 
heat from all parts, which is the ordinajy process 
in boilers of good proportions. There is likewise a 
probability that steam would form in this boiler> 
which would still farther interfere with the circula- 
tion of the water. But were the water-WEiy to be 
enlarged, all these mconveniences and probable 
causes of failure would proportionably decrease. 
Though all these causes of inefficient action may 
not exist simultaneously, yet they -may act at 
different stages of the working of the apparatus. 
But they all apply equally to every boiler in which 
the rational limits of the surface, rel^fively to the 
capacity or contents of the boiler, have given placfe 
to wild chimeras and fanciful notions, not based on 
sound principles of philosophy. 

(70.) It is obvious that the extent of surface 
which a boiler ought to expose to the fire, should 

heated to 520 FahrenLeit, but that it only required one second 
when the metal was at 300" FaLrcDheit. 

i In the recent experimentB " On the Exploaion of Steam 
■Boilers, by the Fra nklin Instit'llion of Pennaylvama," a very 
tUck iron ladle was perforated with a number of email holes, 
ftnd then made red hot. When water was poured into this 
ladle, none of it escaped through the holes, until the ladle 
oooled down below redneaa ; and the quautitj which afterwards 
passed tbi'ough, inoreaaod with every rodiictirai of the teniperar 
tnre, the difference being quite appi-eciable even between the 
temperature of 60° and 80° Fulirenheit 



advalrtageously used. It m&y be takMi JiS'^ ^^ 
invariable rule.'that in no case should pip^S'6f' 
greater diameter than four inches be used, becau^, 
when they are of a larger size than this, the quan- 
tity of water they contain is so considerable, that \ 
it makes a great difference in tlie cost of fuel, in ' 
consequence of the increased length of time required 
to heat them. (See Art. 108.) For hot-houses, 
green-houses, conservatories, and such like build- 
ings, pijies of four inches diameter will generally 
be found the best ; though, occasionally, pipes of 
three inches diameter may be used for such purw | 
poses, but rarely any of a smaller size. In churches, 
dwelling-houses, manufactories, etc., pipes of eithet 
two or three inches diameter will be found the 
most advantageous; for they will retain their heat 
sufficiently long; for ordinary purposes, and their 
temperature can be Booner raised, and to greater 
intensity, than larger pipes ; and, on this account, 
a less number of superficial feet will suffice to, 
warm a given space. 

(63.) In adapting the boiler to a hot-water 
apparatus, it is not necessary, as is the case with a 
steam boiler, to have its capacity exactly propor- 
tional to that of the total quantity of pipe which is 
attached to it : on the contrary, it is sometimes 
dearable even to invert this order, and to attach a 
boiler of small capacity to pipes of large size. . It \ 
is not, however, meant, in recommendmg a boileCj , 
of small capacity, to propose also that it shall be 
of small superficies; for it is indispensable that it 
should present a surface to the fire, proportional 
to the quantity of pipe it is required to heat ; and 
in every case, the larger the surface on which the 
fire acts, the greater will be the economy in fuel, . 
and the greater also will be the effect of the . 
apparatus. 

(64.) The sketches of the boilers, figs. 10 to 28, 




All except the first two, however, have hut a 
small capacity, relatively to their superficies, com- 
pared with boilers which are used for steam. There 
is no advantage whatever gained by using a boiler 



which contains a large quautity of wafer; fii^;^.^^ 
the lower pipe brings in a fresh supply of T^^tef,^ 
^rapidly as the top pipe carries the hot water; 
off, the boiler is always kept absolutely full. The^ 
only plausible reason which can be assigned fop, 
using a boiler of large capacity is, that as the appa,-^ 
ratus then contains more water, it will retain (ts 
heat a proportionably longer time. This, thougli 
true in fact, is not a sufficient reason for using 
such boilers : for the same end can be accom-, 
pUshed, either by using larger pipes, or by having 
a tank connected witli the apparatus, wliich can 
he so contrived, by being enclosed in brick ,or 
wood, or some other non-conductor, as to give ofi| 
very little of its heat by radiation, and yet to be a 
reservoir of heat for the pipes after the fire has^ 
been extinguished. If this tank communicate witl^ 
the rest of the apparatus by a stop-cock, the pipe^ 
can be made to produce their maximum effect in a 
much shorter time than if this additional quantity, 
of water had been contained in the boiler ; and q 
more economical and efficient apparatus will.be. 
obtained. The circulation will likewise be more, 
rapid from a boiler which contauis but a small^ 
quantity of water ; because, the fire will have, 
greater effect upon it, and will render the water, 
which is contained in it relatively lighter than that 
which is in the descending or return pipe. [ 

(65.) The boilers, figs. 16 and 17, are but seldom, 
used for hot-water apparatus. Fig. 18 is an excel- 
lent form of boiler; it is, in fact, the very best boiler, 
for general use that has ever been made, and' hai| 
been far more extensively used than any oth^r^, 
It is generally made of wrought-u'On. Fig. 19- ia; 
something similar, though decidedly inferior, bnj 
account of the inconvenience of a flat top ; which, 
not only prevents the easy flow of tlie hot-water 
to the^a^dendirig rape _(which onehtj aly^^ 

itdi 8fi .&sia fiUfiros tl->itm e o.l (raJqebfi ad I 
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r'tfefi top), but also the flues do not 'kct 
so' efficiehtTy oh the flat top of this boiler. Fig. 2(1 
i^ a good boiler ; but is best for either veiy sniall 
or Very large apparatus (and not for intermediate 
sizes), depending on the mode of setting ; which 
subject will be described in the following chapter. 
Fig, 21 is only suitable for a very small apparatus. 
Kgs. 22 and 23 (the former of which is a sectidn, 
and the latter an elevation), represent a cast-iron 
circular boiler of a very efficient construction^ 
and suitable for either a laree or small apparatus; 
Fig. 24 is a section of the boiler, known as Rogers's 
conical boiler; which is a circular boiler, exter- 
nally resembling the fig. 25. The conical boiler 
has undergone much alteration of form since its 
first invention. It was first open at the top, and! 
the fxiel supplied there : this, however, is now sup- 
plied at A, and b is the smoke flue. Fig. 25 is a 
copper boiler nearly similar to the last, but con- 
trived so as to be used without any brickwork. 
f\fe [ radiation of heat from this boiler is of course 
cbnsiderable, and is generally entirely wasted : 
t3bough when the boiler is placed inside the room 
Or' building to be warmed, tms loss may be avoided, 
if the disagreeable smell from the heated copper 
does not render it objectionable. It is only suit- 
aftle' for very small apparatus. Fig. 26 is a boiler 
consisting of a double row of pipes (of which the 
external row alone is shown), connected at each 
end by an arch, by which the water is supplied to 
the, pipes forming the body of the boiler. This 
boflpr heats rapidly, but is necessarily very waste- 
ful of fuel, as no flues can be formed in setting it. 
Fig. 27 is a boiler contrived to be used without 
brickwork, and for many purposes is very useful, 
particularly where the heat from the external 
siirface of the boiler can be beneficially employed. 
I Kg. 28 is another boiler very similar to the last, 
L but can be adapted to a much smaller size, as the 
f2 
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fire is: contained in a fire-clay receptacle,: by Which 
m^ans a smaller fire may be made to keep blight 
for many hours without attention ; and by this 
contrivance a very much smaller boiler may; be 
Wiado to act efficiently than it otherwise cottldido. 
Both these lioilera answer extremely well. .iini 
(66.) It may be hero remarked, tliat boilers itD 
be heated by gas have occasionally been used ; and 
perhajis the best application of a gas boiler is -to 
make it of copper, and in form like the upper part 
of fig. 25. When thus used, a burner consisting lof 
a single or double ring, pierced for a number of 
jets, is the best mode of applying gas for this pur- 
pose : but the expense of burning gas for artificial 
heat is so much greater than coals, that few per- 
sons will use tliis mode of warming after they 
become really aware of the expense. The cost lOf 
gas when used in this way, is never less thanjEiiX 
times the cost of coals; and if it be so burnedas 
to allow the products of combustion to escape intp 
the open air through a chimney, the cost is ahmxt 
twelve times that of coals.* , .'( 

* Tliia subject is atiU further exjilamed in Chap. II., Paxtjii, 
in treating upon gas stoves. It may, however, be here olJaarVed, 
Qiat tie auttior has fonnd that in a, greeh-house heated with 
7S feet of S-inch pipe, fay a gas boiler, 100 cubic ieetof gav [p4r 
houi: was reqiiired to keep up the heat, the costof 'w.hichiWqq^ 
be(at 6». per thousand cubic feet) about 6a, for 12 hours bu^jojag; 
while by the Table, Art. 114, it appears the cost of coajrlo 
produce the same effect would be about id. EVora somed'Qfer 
experiments, it likewise appeared that it required 50 oalnctftit 

. of gaa to raise the tomperatvu?e of 80 gallons of water 50°.; tti|t 
is, from a tempei-ature of 50" to 100° Fahrenheit. The coat, of 

,thiB would be Si i while the cost of coals to j)roduce the skme 
effect (see Art. 94) would be six-teatbs of a penny, or awu^edy 

' taore than one-eixth the cost of gas. In this Utter case .^e 
biimt gas did nob escape by a chimney i in the former eaaQ ^t 
did so escape; thus showing the great difference in coat wh^n 
a chimney is used. The excessive unwholesomeneaa, howev**, 
of burning large quantities of gas, without carrying ofF ■dho 
jiroduota of combustion, renders the use of a chimtiey almoit 
indispensable. 



^f'j'{67.) There are many other forms of boilers 
Which have been proposed for the hot-water appa- 
ratus ; and, in feet, the multiplication of them 
appears almost without limit. It is, perhaps, 
scarcely any exaggeration to say, they amount to 
hundreds. When strictly considered, however, 
there is scarcely one that presents any real novelty, 
and generally they are mere colourable adaptatioHB 
of some one of those which have been described; 
and the wonderful effects which sometimes are 
■atbibuted to them, arise either from the parties 
being deceived in the results, or from their being 
Uttacquainted with what has previously been accom*- 
pliahed by others. The principles on which a boiler 
must be constructed in order to become efficieat, 
are as fixed and immutable as the laws of natm"e; 
'and the modes by which these principles are to be 
applied, are all determinable by experience, and 
can be correctly judged of by certain rules, beyond 
■the possibility of error. The mode of doing this 
'will be pointed out in the present chapter ; and 
may, perhaps, in some degree tend to prevent the 
erroneous notions which frequently prevail upon 
this subject. 

(68.) The adoption of boilers of small capacity, 
having been recommended (Art. Gi,) it is necessary 
to accompany the recommendation with a caution 
against running into extremes; for this error has 
.,heen tlie cause of failure, and of the inefficiency of 
•^e apparatus in many instances. The sketch, fig. 
;'21, is^ an instance of this sort, in which an absurd 
''^xtreitie has occasionally been adopted. The cori- 
..tents of a boiler of this shape sometimes does not 
--.exceed a couple of gallons, even when applied to a 
■'Very lai^e ftirnace ; and thotigh this boiler presents 
% l^ge sxuface to the fire, the space allowed for the 
, water is so small, that the neuti-al salts and alkaline 
'earths, deposited by the water which evaporates 
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froip the apparatus, contract the vvate£ wpy. ali'^^fly 
for too siaall, and effectually impede tlw dreuls' 
tion, and also prevent the full force of the fire frofi^ 
ttcting on the water. In a very small apparatUfi^ 
however, this form of boiler has occasionally be^ 
used with advantage, the fire being less intense. . 

(69.) But perhaps the more immediate cause of 
fellure of this shaped boiler, arises fi-om a different 
and very singular circumstance. The quantity of 
water which it contains being so verj' small, and the 
beat of the fire, therefore, when the fiirnace is large, 
being very intense upon it, a repulsion is caused 
between the iron and the water, and the latter does 
not receive the lull quantity of heat. This extraor- 
dinary effect is not hypothetical ; it has been proved 
to exist by the most satisfactory experiments ; par- 
ticularly some which were made by the Members 
of the prankliu, Institution of Pennsylvania. Xte 
repulsion between heated metals and water, they 
ascertained to exist, to a certain extent, even.^ 
very moderate degiees of heat ; being apprefiiabty 
different at various teinperatm'es below the boiliug 
point of water. But, as tlie teniperatnre rises, tlfe 
repulsion increases with great rapidity ; so that iron, 
when red hot, completely repels water, scarcely 
communicating to it a«y heat, except, perh^ij^^ 
when under considerable pressure.* 

The boiler in question, however, seldom or nfcysr 

* Mr. Jacob PerkinB brought this cucioue fact pronuitAQtlf 
forward duriug his iageniouH experiineuts on liigh-pr«iasuce steam. 
It hns, however, long been known as a philosophical fact, and 
■was firat obaerred in 1756, by M. Leindenfroat. M. KUtprotfa 
sabsequently inveatigated it, and pabltshed some espei^ienta On 
the subject {Nicholson's Jou^-nat, voL iv., p. 208). In the " Parli*- 
lONitarj Btniort and Evidenoe on the Scotch DiEtill<:rie« £or Ji7>S8 
and 1799" (p. 610), there ia a quotation from " Chaptal'a Che- 
■misbry," showing that he waa well acquainted with the litot ; and 
§iao Bome experiments by M. Zeigler, by which he asuei^taiffled 
that a drop of water took 89 aecouda to evaporate from metAl 
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reaches the temperature of luminoaHy, tho^^ n 
is still sufficiently high to make a considerable 
difference in the heating of the water. Added' to 
this, the form of it prevents the fill! effect of the 
heat being communicated to the pipes ; for the 
extreme smallness of the water-way prevents th^ 
rapid comnmnication between the various parts, 
and therefore the upright or flow pipe receives its 
principal supply of heat from that portion of the 
boiler which is immediately beneath where it is 
fixed, instead of that equable communication of 
heat fi-om all parts, which is the ordinary process 
in boilers of good proportions. There is likewise a 
probability that steam would form in this boiler, 
which would still farther interfere with the circrUa- 
tion of the water. But were the water-wiiy to be 
enlarged, all these inconveniences and probable 
causes of failure would proportionably decrease. 
Though all these causes of inefficient action may 
not exist simultaneously, yet they may act at 
different stages of the working of the apparatus. 
But they all apply equally to every boiler in which 
the rational limits of the surface, rel^vely to the 
capacity or contents of the boiler, have given place 
to wild chimeras and fanciful notions, not based on 
sound principles of philosophy. 

(70.) It is obvious that the extent of surface 
■which a boiler ought to expose to the fire, should 

beated to 520 Fahrenieit, but that it only required one second 
wtiNt the roetal was at 300° FaLrooheit. 

' In the recent experimunts " On the Eiploaion of Stemh 
'BoUea«, by the FraiJdin iDstitulJon of Pennsylvaoia," a yeiy 
thjdc iron ladle was perforated with a number of small bolea, 
and then made red hot. When water was poured into this 
-ladlo, none of it escaped through the holes, until the ladle 
oooled down below redness ; and the quantity which afterwards 
ipaaaed through, increased with every reduction of the temper*- 
'tnre, the difference being quite appi-eoiablo even between Uie 
temperature of 60° and S0° Falirenbeit. 



adv&tttageonsly used. It may be taken as aH 
inv^iable rule, that in no case should pipes of 
greater diameter tlian four inches be used, because, 
when tliey are of a larger size than tliis, the quan- 
tity of water they contain is so considerable, that ) 
it makes a great difference in tlie cost of fuel, in ( 
consequence of the increased length of time reqiured 
to heat them, (See Art. 108.) For hot-houses, 
green-houses, conservatories, and such like build- 
ings, pipes of four inches diameter will generally 
be found the best; though, occasionally, pipes of 
three inches diameter may be used for such pm> , 
poses, but rarely any of a smaller size. In churc nes, 
dwelling-houses, manufactories, etc., pipes of either 
two or three inches diameter wiU be found the 
most advantageous ; for they will retain their heat 
sufficiently long for ordinary purposes, and their 
temperature can be sooner raised, and to greater 
intensity, than larger pipes ; and, on this account, 
a less number of superficial feet will suffice to 
warm a given space. 

(63.) In adapting the boiler to a hot-water 
apparatus, it is not necessary, as is the case with a 
steam boiler, to have its capacity exactly propor- 
tional to that of the total quantity of pipe whicn is 
attached to it : on the contrary, it is .sometimes 
dearable even to invert this order, and to attach a 
boiler of small capacity to pipes of large size. It ■ 
is not, however, meant, in recommending a boilecj ' 
of small capacity, to propose also that it shall be 
of small superficies ; for it is indispensable that it 
should present a surface to the fire, proportional 
to the quantity of pipe it is required to heat ; and 
in every case, the larger the surface on which the 
fire acts, the greater will be the economy in fiiel, 
and the greater also will be the effect pf the,, 
apparatus. 

(64.) The sketches of the boilers, figs. IG to 28, 




All except the first two, however, have but a 
umall capacity, relatively to their superficies, com- 
pared with boilers which are used for steam. There 
is no advantage whatever gained by using a boiler 



whicl^ contains a large quantity of wafer;, Q?^^!?^ 
tjie lower pipe brings in a fresh supply of ivater,^ 
^s rapidly as the top pipe carries the hot wate^j 
off", the boiler is always kept ahsolutL-ly full. T^iiG, 
oply plausible reason which can be assigned fo^, 
using a boiler of large capacity is, that as the appa,-t 
ratus then contains more water, it will retain its 
heat a proportionably longer time. This, though 
tiTie in fact, is not a sufficient reason for using, 
such boilers : for the same end can be acconj- 
pli?hed, either by using larger pipes, or by having 
a tank connected with the apparatus, which can 
be so contrived, by being enclosed in brick or 
wood, or some other non-conductor, as to give off 
very little of its heat by radiation, and yet to be a. 
^servoir of heat for the pipes after the fire has, 
been extinguished. If this tank communicate witl^ 
the rest of the apparatus by a stop-cock, the pipea 
can be made to produce their maximum eifect in a, 
much shorter time than if this additional quantity 
of water had been contained in the boiler ; andj^- 
more economical and efficient apparatus will, be 
obtained. The circnlation will likewise be nipf^f 
rapid from a boiler which contains but a STOaD^ 
quantity of water ; because, the fire will hav^^ 
greater effect upon it, and will render the water 
which is contained in it relatively lighter than, th^ 
which is in the descending or return pipe. , , , ^ 

(65.) The boilers, figs. 16 and 17, are but seldom, 
used for liot-water apparatus. Fig. 1 8 is an exoel?. 
lent form of boiler ; it is, in fact, the very best bouer, 
for general use that has ever been made, and' hasj 
been far more extensively used than any oth^n. 
It is generally made of wrought-irou. Fig. I9.is[ 
something similar, though decidedly inferior, om 
account of the inconvenience of a flat top ; which 
not only prevents the easy flow of the hot-waier. 

Bfil 8« .QsJa -lelbsms dtum s ol halqeltB <>d nsti Jud 
Si 



I^feeJtf cjrf^e top), but also the flues do not :'a^t' 
sd efflciehtly on the flat top of this boiler. Fig. 20 
ii a, good boiler ; but is best for either veiy small 
oi':y^y" large apparatus (and not for intermediate 
sizes), depending on the mode of setting ; which 
subject will be described in the following chapter. 
Fig. 21 is only suitable for a very small apparatus. 
Figs. 22 and 23 (the former of which is a section, 
and the latter an elevation), represent a cast-iron 
circular boiler of a very efficient construction, 
and suitable for either a large or small apparatus: 
Fig. 24 is a section of the boiler, known as Rogers's 
(jonical boiler; which is a circular boiler, exter- 
nally resembling the fig. 25. The conical boiler 
has undergone much alteration of form since its 
fifst invention. It was first open at the top, and 
the fuel supplied there : this, however, is now sup- 
plied at A, and B is the smoke flue. Fig. 25 is a 
Copper boiler nearly similar to the last, but con- 
trived So as to be used without any brickwork. 
The tadiation of heat fi-om this boiler is of course 
Considerable, and is generally entirely wasted : 
Ijibugh w;hen the boiler is placed inside the room 
rii' bulling to be wanned, this loss may be avoided,, 
I? tile disagreeable smell from the heated copper 
ddes not render it objectionable. It is only suit- 
taHe' for very small apparatus. Fig. 26 is a boiler 
consisting of a double row of pipes (of which the 
external row alone is shown), connected at each 
end by an arch, by which the water is supplied to 
the pipes forming the body of the boiler. This 
boiler neats rapidly, but is necessarily very waste- 
ftil of fuel, as no flues can be formed in setting it. 
Pig. 27 is a boiler contrived to he used without 
brickwork, and for many purposes is very usefiil, 
particularly where the heat from the external 
BUnace of the boiler can he beneficially employed. 
Kg. 28 is another boiler very similar to the last, 
but can be adapted to a much smaller size, as the 
r2 
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fir^ iscontainGd in aifire-clay receptacle/ by which 
means a smaller fire m:iy be made to keep alight 
for many hours without attention ; and by this 
-CQiitrivance a very much smaller boiler may b^ 
iftiirto to act efficiently than it otherwise^ could' do. 
Both these boilers answer extremely "well, ; i;.]) 
(66.) It may be here remarked, that boilersto 
be lieated by gas have occasionally been used ; and 
perhaps the best application of a gas boiler ie to 
make it of copper, and in form like tlie upper part 
of fig, 25. Wlien thus used, a burner consisting of 
ja single or double ring, pierced for a number of 
jetJi, is the best mode of ajjplying gas for this puc- 
pose : but the expense of burning gas for aili^ial 
heat is so much greater than coals, that few per- 
sons will use this mode of warming after tney 
become really aware of the expimse. The cost -ef 
gas when used in this way, is never less than six 
times the cost of coals ; and if it be so burned as 
to allow the products of combustion to escape into 
:the open air through a chimney, the cost is about 
twelve times that of coals.* ju 

* This subject ia still further explained in Chap, II., Pm1(IL, 
in treating upon gas stoves. It may, however, be here obaervM, 
tliat the anUior has found that in a green-house heitted with 
75 Eeet of S-^noh pipe, by a gae boiler, 100 cubic fecit of gas ipir 
.^ouT was reqiiired to keep up the heat, the coat of whiah .wc^!^ 
be (at 5a. per thousaud cubic feet) about 6k., for 1 2 hours bumiijg; 
while by the Table, Art. Hi, it appears the coat of coalff'W 
produce the gfltne effect would be about id. From Home'btUer 
experimentB, it likewise appeared that it required 30 ouUcifMt 
of gea to raise the temperature of 80 gallons of water 50° ; flbat 
ift from a temperature of 50° to 100° Fahrenheit The cpet of 
this would be Sd. ; while the cost of coals to j)roduce the siniB 
'effect (see Art. 94) would be six-tenths of a penny, at ab&t^b^ 
■more than ono-sixth the cost of gas. In this latter caae^e 
bmTit gas did not eEcape by a oliimney; in the fonoer Qa^A^ 
did ao escape ; thus showing the great difference in co£|ti yfii^ 
a cbininey is used. The excessive unwholesomeness, JfowerS", 
of bumiug large quantities of gas, without carrymg 'cff "tfia 
products of combustion, renders the use of a chimney- BllttHt 
indispensable. 
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fi >i{67.) There' are many other forms ot boilers 
which have been proposed for the hot-water appa* 
ratus ; and, in feet, tlie multiplication of them 
appears almost withont limit. It is, perhaps, 
scarcely any exaggeration to say, they amount to 
hundreds. When strictly considered, however, 
'there is scarcely one that presents any real novelty, 
■and generally they ai'e mere colourable adaptatJouR 
of some one of those which have been described^ 
and the wonderful effects which sometimes are 
attributed to them, arise either from the parties 
being deceived in the results, or from their beiiig 
unacquainted with what has previously been accont- 
■phshed by others. The principles on which a boiler 
must be constructed in order to become efficient, 
'are as fixed and immutable as the laws of natm-e; 
iand the modes by which these principles are to he 
&pphed, are all determinable by experience, and 
«au be correctly judged of by certain rules, beyond 
'the possibility of error. The mode of doing this 
'will be pointed out in the present chapter ; and 
may, perhaps, in some degree tend to prevent the 
erroneous notions which frequently prevail upon 
tllis subject. 

'r (68.) The adoption of boilers of small capacity, 
-'having been recommended (Art. Gi,) it is necessary 
'to accompany the recommendation with a caution 
;aigaihst running into extremes; for this error has 
■ibeen the cause of failure, and of the inefficiency of 
."the apparatus in many instances. The sketch, fig. 
,■^31, is an instance of this sot^, in which an absurd 
^'extreme has occasionally been adopted. The con- 
.^nts. of a boiler of this shape sometimes does not 
cdxoeed a couple of gallons, even when appUed to a 
'Very lai^e furnace ; and though this boiler presents 
"^ large siuface to the fire, the space allowed for the 
;,yfafcer is so small, that the neutral salts and alkaline 
learths, deposited by the water whicli evaporates 



cooling, for any two bodies of different shapes and 
temperatures, is the inverse numbers obtained by- 
dividing the mass by the superficies, midtiphed by 
the direct excess of heat above the surrounding air; 
provided the temperatiire of the heated bodies be 
below 212°. Thus, suppose the relative ratio of 
cooling be required, for two cisterns filled with hot 
water, one a cube of 18 inches, at the temperature 
200° ; the other a parallelopiped, 24 inches long, 
15 inches wide, and 3 inches deep, at the tempera-' 
ture of 170°; the surrounding air in both cases 
being 60°. Then, as, 



The inverse of these numbers is, to call the cube 
1*13, and the parallelopiped 3"0. Then multiply 
1"13 by 140 (the direct excess of temperature of 
the cube), and the answer is 158"2: and multiply 
3'0 by 110 (the du-ect excess of temperature of the 
parallelopiped), and the answer is 330*0 ; therefore 
the parallelopiped will cool, in comparison with the 
cube, in the proportion of 330 to 158, or as 2'08 
to 1 : so that if it require two hours to cool the 
cube, a half, or a quarter, or any other proportional 
part of its excess of heat, the other vessel williose 
the same proportional part of its excess of heat in 
one hour. 

(60.) It is evident that these different velocities 
of cooling are quite independent of the effect that 
the respective bodies will produce in warming a 
given space; for as the cube contains six times a9 
much water as the other vessel, so it would warm 
six times as much air, if both vessels Were of the 
same temperature. But if six of the oblong vessels 
were used, they would heat just the same quantity 
of air as the cube ; but the latter would require 
rather more than two hours and a half to do what 



the oblong vessels would accomplish in one hour, 
supposing the temperature to be the same in both 
cases. In the previous example, the temperatures 
are supposed to be different ; otherwise the relative 
ratio of cooling, of the two vessels, would have 
been as two-and-a-half to one, instead of two to 
one, as stated. 

(61.) In estimating the cooling of round pipes, 
the relative ratio is very easily found ; because the 
inverse number of the mass divided by the superficies, 
which gives the relative cooling for all bodies, is 
exactly equal to the inverse of the diameters. 
Therefore, supposing the temperature to be alike 
in all. 

If tlie diameter of the pipea be 1, 2, 3, 4 incheB, 

The ratio of cooling will bo 1, 2, 1'3, 1. 

That is, a pipe of one inch diameter will cool four 
times as fast as a pipe of four inches diameter ; and 
so on with the other sizes. These ratios, multiplied 
by the excess of heat which the pipes possess above 
that of the air, will give the relative rate of cooling 
when their temperatures are different, supposing 
they are under 212° of Fahrenheit : but if the tem- 
peratures are ahke in all, the simple ratios given 
above will show their relative rate of cooling, 
without multiplying by the temperatures. When 
the pipes are much above 212", as, for instance, 
with the High Pressure system of heating, the 
ratio of cooling must be calculated by the rules 
given in Chapter IX. 

(62.) The unequal rate of cooling of the various 
sizes of pipes, renders it necessary to consider the 
purpose to which any building is to be applied that 
is required to be heated on this plan. If it be 
desired that the heat shall be retained for a great 
many hours after the fire is extinguished, then large 
pipes will be indispensable ; but if the retention of 
heat be unimportant, then small pipes may he 



aavatrtageOMsiy lused. It mky be ''liiilcih"'-*ii8« 18!" 
iiivffriabfe rule,' that in no case should ^(iJ^S'c^' 
greater diaaneter tlian four inches be used, because, 
when they are of a larger size tlian this, the quan- 
tity of water they contain is so considerable, that . 
it makes a great difference in tlie cost of fuel, in 1' 
consequence of the increased length of time required 
to heat them. (See Art. 108.) For hot-houses, 
green-houses, conservatories, and such like build- 
ings, pipes of four inches diameter will generally 
be found the best; though, occasionally, pipes of 
tliree inches diameter may be used for such pur- 
poses, but rarely any of a smaller size. In churches, 
dwelling-houses, manufactories, etc., pipes of eithef 
two or three inches diameter will be found the 
most advantageous ; for they will retain their heat 
sufficiently long for ordinary purposes, and their 
temperature can be sooner raised, and to greater 
intensity, than larger pipes ; and, on this account, 
a less number of superficial feet will suffice to 
warm a given space. 

(63.) In adapting the boHer to a hot-water 
apparatus, it is not necessary, as is the case with a 
steam boiler, to have its capacity exactly propor- 
tional to that of the total quantity of pipe which is 
attached to it : on the contrary, it is sometimes 
dearable even to invert this order, and to attach a 
boiler of small capacity to pipes of large size. It 
is not, liowever, meant, in recommending a boiler 
of small capacity, to propose also that it shall be 
of small superficies ; for it is indispensable that it 
should present a surface to the fire, proportional 
to the quantity of pipe it is required to heat ; and 
in every case, the larger the surface on which the 
fire acts, the greater will be the economy in fuel, 
and the greater also will be the effect of the 
apparatus. 

(64.) The sketches of the boilers, figs. 16 to 28, ' 
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are several difierent forms which present various 

extents of siir&oe in proportion to -their capacity. 

Ra 18. Fifl. If. Via. 18. rie. 19, 




All except the first two, however, have but a 
small capacity, relatively to their superficies, com- 
pared with boilers which are used for steam. There 
is no advantage whatever gained by using a boiler 



which contains a large quantity of wa^ri 6?:^^0, 
tjie lo:wer pipe brings in a fresh supply of ^fttej-,; 
Q9 rapidly as the top pipe carries the hot water 
off, the hoiler is always kept absolutely full. The 
only plausible reason which can be assigned for^ 
using a boiler of large capacity is, that as the appa- 
ratus then contains more water, it will retain itai 
heat a proportionably longer time. This, though 
true ill fact, is not a sufficient reason for using 
such boilers : for the same end can be accop;fc^, 
pUshed, either by using larger pipes, or by having 
a tank connected with the apparatus, wliich caw 
be so contrived, by being enclosed in brick or 
wood, or some other non-conductor, as to give oS 
very little of its heat by radiation, and yet to be Or 
ijeservoir of heat for the pipes after the fire has, 
been extinguished. If this tank coraniuuicate wit^ 
the rest of the apparatus by a stop-cock, the pipea 
can be made to produce their maximum efi'ect in a 
much shorter time than if this additional quantity 
of water had been contained in the boiler ; an4i% 
more economical and efficient apparatus will^rhe^ 
obtained. The circulation will likewise be morfe 
rapid from a boiler which contains but a sn^all 
quantity of water ; because, the fire will 'h&v^. 
greater effect upon it, and will render the wate?, 
which is contained in it relatively lighter than that 
which is in the descending or return pipe. 

(65.) The boilers, figs. 16 and IT^arebut seldoui, 
used for hot-water apparatus. Fig. 18 is an excel- 
lent form of boiler; it is, in factj the very best boiler, 
for general use that has ever been made, and haS| 
been far more extensively used than any otherfj 
It is generally made of wrought-ii'Ou. Fig. 19,)^ 
something similar, though decidedly inferior, pn; 
account of the inconvenience of a flat top; whicK 
not only prevents the easy flow of the hot-waJtef' 

^di ftB .axis islffimi* doum b n,i baJcjehs ^d na^ lotl 
2i 
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iflicJtf ojrf'tbe tbp), but also ttie flues do not 'kci 
stl 'efficiehtjy on the flat top of this boiler. Fig. 20 
is a.good boiler ; but is best for either very small 
orVery large apparatus (and not for intermediate 
siiies), dejiending on the mode of setting ; which 
subject will be described in the following chapter. 
Fig. 21 is only suitable for a very small apparatus.! 
Ilgs. 22 and 23 (the former of which is a sectidn, 
and the latter an elevation), represent a cast-iroii 
circular boiler of a very efficient construction, 
and suitable for either a large or small apparatus; 
Fig. 24 is a section of the boiler, known as Rogers's 
conical boiler; which is a circular boiler, exter- 
nally resembling the fig. 25. The conical boiler 
has undergone much alteration of foim since its 
firei invention. It was first open at the top, and 
the fiiel supplied there : this, however, is now sup- 
plied at A, and b is the smoke flue. Fig. 25 is a 
copper boiler nearly similar to the last, but con- 
trived so as to be used without any brickwork. 
The' radiation of heat fi'om this boiler is of course 
cbnsiderable, and is generally entirely wasted : 
fliough when the boiler is placed inside the room 
bi' building to be warmed, this loss may be avoided, 
if (he disagreeable smell from the heated copper 
does not render it objectionable. It is only suit- 
able for very small apparatus. Fig. 26 is a boiler 
consisting of a double row of pipes (of which the 
external row alone is shown), connected at each 
end by an arch, by which the water is supplied to 
the pipes fonning the body of the boiler. This 
boTlpr beats rapidly, but is necessarily very waste- 
fill' of fuel, as no nues can be formed in setting it. 
Fig. 27 is a boiler contrived to be used without 
biickwork, and for many purposes is very useful, 
particularly where the heat from the external 
surface of the boiler can be beneficially employed. 
Rg. 28 is another boiler very similar to the last, 
but can be adapted to a much smaller size, as the 
r2 
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firt is contained in a fire-clay receptacld.lby.ftWch 
means a gmaller fire may be made to keep Wight 
for many hours without attention ; and by this 
eonCrivance a Tery much smaller boiler mayibe 
TAadc! to act efficiently than it otherwise couldj da. 
Both these boilers answer extremely 'welL i ' niMi 
(fiC.) It may he here remarked, tltat boilersito 
be heated Ijy gas have occasionally been used ; and 
perhaps the best application of a gas boiler is to 
mak(! it of copper, and in form hke tJie ujiper part 
of fifif. 25. When thus used, a burner consisting titf 
3 single or double ringj pierced for a number of 
jets, IB the best mode of applying gas for this pur- 
nose : but the expense of burning gas for artificial 
neat is so much greater than coals, that few per- 
sons will use this mode of warming after they 
become really aware of the expense. The. cost lof 
gas when used in this way, is never less than.MJt 
times the cost of coals; and if it be so burned as 
to uliovv the [jroducts of combustion to escape into 
the open air through a chimney, the cost is about 
twelve times that of coals.* 1 1;^ 

* Thia 8ul>jcot ia still further explaJEcd in Chap, II., Part JL, 
in treating upon gas stovca. It may, however, he here observed, 
tliftt the ftutnor naa foncd that in a green-house lieated with 
7S feet of 2-ifioh pipe, by a gaa boUer, 100 cubic leet of gtta 'pdr 
}ioav was reqitired to keep up the heat, tlie cost of whipb .ww^ 
be(at 5«. per thousand cubic feet) about Gs., for I2hoiii'9bummg; 
while by the Table, Art 114, it appeura the coat of cOfl,l9"'(o 

' produce the sanio effect wonld be about 4rf. Trom some 'tt&Hit 
eXperimentB, it likewise appeared that it required 90 oubicifMt 

I of gas to raise the temperature of SO galloDB of water 50° ; IjhAt 
is, from a temperature of 50° to 100° Fahrenheit The cost of 
this would be Zd. ; while the cost of coals to produce the'sftHie 
efifect (see Art. 94) would he six-tenths of a penny, or acAhJ^y 
moro than one-sixth the coat of gos. In this latter case .tie 
burnt gas did not escape by a cliimney; in the former qasqit 
did 80 escape; thus showing the great differeace in ooet [w^n 
a cliimney is used. Tlie exoeaaive unwholesomeness, hoirev^, 
of burning large quantities of gas, without carrying 'off ffie 
jiroduotB of combustion, renders the use of a chimney BibwoBt 
indispensable 
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'i"*i(67.) There are many other forms of boilers 
•rthich have been proposed for the hot^water appa- 
ratus ; and, in fact, the multiplication of them 
appears almost without limit. It is, perhaps, 
-Bcarcely any exaggeration to say, they amount to 
hundreds. When strictly considered, however, 
there is scarcely one that presents any real novelty, 
■and generally they are mere colourable adaptations 
of some one of those which have been described; 
'and the wonderful effects which sometimes are 
■atbibuted to them, arise either from the parties 
being deceived in the results, or from their being 
unacquainted with what has previously been acconu- 
'pliehed by others. The principles on which a boiler 
must be constructed in order to become efficient, 
■are as fixed and immutable as the laws of nature; 
land the modes by which these principles are to be 
apphed, are all determinable by experience, and 
can be correctly judged of by certain rules, beyond 
■the possibility of error. The mode of doing this 
'will be pointed out in the present chapter ; and 
may, perhaps, in some degree tend to prevent the 
erroneous notions which frequently prevail upon 
rthis subject. 

, (68.) The adoption of boilers of small capacity, 
•ihaving been recommended (Art. 64,) it is necessary 
'to accompany the recommendation with a caution 
; against running into exti'emes; for this error has 
-been the cause of failure, and of the inefficiency of 
ithe apparatus in many instances. The sketch, fig. 
'21, is an instance of this sort, in which an absurd 
,'^'extreme has occasionally been adopted. The c'on- 
■tents of a boiler of this shape sometimes does not 
■-eKceed a couple of gallons, even when applied to a 
"very lai^e furnace ; and though this boiler presents 
"^ large siuface to the fire, the space allowed for the 
,',w(ater is so small, that the neutral salts and alkaline 
learths, deposited by the water which evaporates 
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from the apparatus, contract the water wpy, alfp^^S' 
fer too small, and effectuallj unpede the cirfllilat 
tion, and also prevent the full force of the fire fro^ 
acting on the water. In a very small apparat^py 
however, this form of boiler has occasionally been 
used witli advantage, the fire beuig less intense. 

(69.) But perhaps the more immediate cause pf 
failuie of this shaped boiler, aiises from a different 
and very singular circumstance. The quantity of 
water which it contains being so very small, and the 
heat of the fire, therefore, when the fiurnace is large, 
being very intense upon it, a repulsion is caused 
between the iron and tlie water, and the latter does 
not receive the full quantity of heat. This extraor- 
dinary effect is not hypothetical ; it has been prov^ 
to exist by the most satisfactory experiments; par- 
ticularly some which were made by the Menib^ 
of the Pranklin Institution of Pennsylvania, .Tft^ 
repulsion between heated metals and Tvat^.itbsjf 
ascertained to exist, to a certain extent, even,,^ 
very moderate degi-ees of heat ; being appreciably 
different at various temperatuies below the hoiJijjg 
point of water. But, as the temperature rses, the 
repulsion increases with gi'eat rapidity ; so that irpA, 
when red hot, completely repels wateri scarcely 
communicating to it any heat, except,, per^h^j)|S^ 
when under considerable pressure.* 

The boiler in question, however, seldom or, hctst 

• Mr, Jacob Perkins brought this curious feet prominently 
forward during his ingenioim eiperiments on bigh-preasure steam. 
It has, bowevor, long been known as & philosopbicuJ fact, and 
■was first obaervod in 1759, by M. Leindenfrost M. Klafitolii 
Bubsequently inveatigated it, and published some experimeota en 
tho subject {Nieholeon'a Jtmrnai, vcA. iv., p. 208). In the '■ Parlj»- 
mentary Keport and Evideuce on the Scotch DiBtLUerieg for 178B 
and 1799" (p. 610), there is a. quotation from " Cbaptiil's Cbe- 
mistry," showing that he was well acquainted with the feati and 
fdjio Bonie ccperiments by M. Zeigler, by which be aaaeftained 
that a drop of water took 89 seconds to evaporate from metal 
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reaches the temperature of hTintnosity, thtftt^' ft 
is still sufflciently high to make a consid'eraW^ 
difference in the heating of the water. Added to 
this, the form of it prevents the ftill eifect of the 
heat being communicated to the pipes ; for the 
extreme smallness of the water-way prevents the 
hipid coramurdcation between the various J)arts, 
and therefore the upright or flow pipe receives its 
principal supply of heat from that portion of the 
Ixiiler wliich is immediately I)eneath where it is 
fixed, instead of that equable communication of 
heat from all parts, which is the ordinajy process 
in boilers of good proportions. There is likewise a 
probability that steam would form in this boiler, 
which would still farther interfere with the circula- 
tion of the water. But were the water-way to be 
enlarged, all these inconveniences and probable 
causes of faUure would proportionably decrease. 
Though all these causes of inefficient action may 
not exist simultaneously, yet they -may act at 
different stages of the working of the apparatus. 
But they all apply equally to every boiler in which 
the rational hmits of the surface, relatively to the 
<!^padty or contents of the boiler, have given place 
to wild chimeras and fanciful notions, not based on 
^ound principles of philosophy. 

(70.) It is obvious that the extent of surface 
which a boiler ought to expose to the Are, should 

heated to 620 Fahrenheit, but that it only required one second 

when the meto! was at 300° Fairenheifc. 

1 ■ In the recent experiments " On the Explosion of Steam 
-Boilers, by the Fraiiliu Inatitutiou of Pennsylvania," a very 
't)uck iron ladle whe perforated with & number of »m&li holes, 
-ftnd then made red hot. When water was poured into this 
dadie, iu>ne of it escaped through the holes, until the ladle 
~o6dled down below rediiess ; and the quantity which afterwards 
^WKied' through, increased with every reduction of the tempM*- 
1 'tare, 1ihe difference being quite appreciable eron between the 
ftettiperature of 60° and 80° Fahrenheit. 
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f^ prtiportional to the quantity of pipe that, fa 
required to be heated by it ; and it is not difficult 
to estimate these relative proportions with sufficient 
accuracy, notwithstanding the various circum- 
Btances which modify the effect. ■ > ? 

(7!.) It has been proved by experiments, that 
four Bquare feet of surface of an iron boiler will 
evaporate one cubic foot of water per hour, when 
exposed to the direct action of a tolerably strong 
fire. This, however, requires free exposure to the . 
radiant heat of the fire ; for the heat communicated 
to the flue surfaces is only equal to one-tiird of 
that which is derived by the direct action of the 
fire, acting upon the bottom or sides of the boiler.* 

* Mr. Robert BtepheiiHCin'B experiments on thla subject clearly 
prove this jjroportioa between the relative heating of fine Mir- 
fkce and boiler eur&ce to be correct. In his espurimentB the 
fluee conaisted of tubes passing through the water ; and he foiud 
that while six square feet of boiler surface evaporated six gcdhias 
of water in 38 minutes, the flue surface, consisting of 2i^ square 
feet, had, in the some time, evaporated eight galloas. Thisi will 
be found equal to evaporating one cubic foot of water per hodr, 
from 3'T square feet of the boiler surface exposed to ^i« diroct 
action of the fii;^ ; and the same quantity of water evaporated by 
11'9 square feet of the flue sur&ce; being in the proportion of 
1 to 3. (See Wood's Treatiat an RaUroads, 3rd edition, p. S84.) 
In the best locomotive engines, the power of the boiler is equal 
to one cubic foot of water evaporated per hour by 1 -7 aquara foot 
of boiler surface exposed %o the direct action of the fire. Tkia 
Appears to be almost the greatoet eSfect that can be produced'at 
present {Ev^Krimenta on Great Western Haibway, 1836.) In 
1834, the Chevalier Pambour found the average (rf the engines 
on the Liverpool and Manchester fiailway to be one cnbi6 foot 
of water evaporated per hour, fi'om 2 '5 square feet of aoib^e 
exposed to the direct action of the fire. The flue surface in' all 
these experiments was calculated as equal to one-third that of 
the boiler surface. This high evaporating power can only be 
Inaintaiuod when a very powerfiil draught is produced by Me- 
chanical means ; and in all these cases there is a very great 
waste of fuel. In the original exjteriments of Watt, on ateam 
boilers, he found that the average of eight square feet of boiler 
surface was required to evaporate one cubic foot of wa,ter per 
hour. This proportion is etiU very generally used ; and by 
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And jt can be ascertained by calculation, that the 
same extent of heating sui'face wliich will evaporate 
one cubic foot of water per hour from the mean 
temperature of 52°, will be sufficient to supply the 
requisite heat to 232 feet of pipe four inches 
diameter, when the temperature of this pipe is to 
be kept at 140" above that of the surrounding air.* 
From this, then, it appears that one square foot of 
boiler surface exposed to the direct action oj the fire, 
or three square feet of flue surface, will be su£|- 
cient in a hot-water apparatus to supply the neces- 
sary heat to about 58 superficial feet of pipe ; or 
in round numbers, the proportion may be stated as ' 
one foot of hraler to 50 feet of pipe. As this, 
however, is almost the maximum effect which 

employing a large heating surface, economy of fuel is always 
produced. This ia strikingly exemplified in the Comiah engines, 
the boilers of whioh have a larger surface than any others ; and 
t&e conBuniptiou of fuel (per horse's power of the engine) 
throughout Cornwall only averages one-foiu-th of that of the 
Dtanafacturing districts of England. The whole of this iiaving, 
however, is not due to increased surface of the boilers; a lai^ 
proportion of it is owing to the mode of using the steam ax- 
■panaivelr, wliich is there carried to the extrema 

Fambour lias questioned the accuracy of the estimate for the 
proportionate effect of flue and boiler surlaces, which he con- 
siders do not differ so much in tei»ting power as is generally 
supposed ; but the doubt only applies to the boilers of locomotive 
engines where a very poweriul blast is applied, and he agrees 
that, in other cases, the proportionate heating power of 3 to 1 
for the boiler snrface and flue service is nearly correct. (Paanr 
hema's Treatise on Locomolice £nyineg, 2nd edition, p. 269.) 

* It appears by calculation (Art 98), that a four-inch pijio 

will lose 'Sol of a degree of heat per minute, when the escess of 

I its temperature aUove the circumembient aii is 125°. If, there- 

I &tM, lAan excess were 140°, the loss per minute would he -953 of 

■ & d^ree of heat. Calculating, therefore, this bsa to be 57-18 

degiieesi pec hour, and estimating also (the latent heat of steam 

' ' being 1000") that the cubic foot, or 1728 cubic inches of water 

evaporated, haa received 1160" of heat, and that one foot in 

length of a four-inch pipe contains 1507 cubic inches of water, 

^ flball obtain H?l2lM? ^232 feet, as stated Jn the text 
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can be' produced (without mechanical medhS-'fM" 
fffoducing draught), it is very desirable in all case^ 
to allow an increased surface of the boiler ; bearing 
in Blind that not only will economy of fuel b6 
thereby produced, but tlie apparatus will be much 
easier managed, and thus become more effective 
and certain in its operation. The following Table 
gives the maximuvi eiFoct of a boiler for liferent 
proportions and sizes of pipes, calculated by the 
above rule, and supposing the best coals alone to 
be used. ■'''* 

Table II. /oiJa 

«ipoaodtotho ■■ "™ 

<Hrtct acticn of *.in. Pipa, 3-iti. Pipe. 2-m; Pinb.'^' ; OOll 

thefire. - - , - .>,i,Io 

4 aquare foot will heat 200 fcet, or 266 feet, or 400 fdet. •■ 

fi 300 . . 400 . ■. 600 ' ■■'^-^.a 

8 400 . . 633 . . &o6 i r^tl ' 

10 500 . . 066 . . 1000 /iifjT 

ii roo . . 033 , . 1400 , ,,„„, , 

30 1000 . . 1333 . , 2000' '"*"■" 

■ I'ur. 

A small apparatus ought always to have morB 
Burtace of boiler, in proportion to the length oi 
pipt, than a larger one ; as the fire is less intense^ 
and burns to less advantage in a small than iir ^ 
large furnace. The effect also depends greatly 
upon the quality of the coal, the height of tha 
chinmey, the rapidity of draught, the construotion 
of the furnace, and many other particulars; and It 
will always be found more economical, as regards 
the consumption of fuel, to work witli a larger sur- 
face of boiler at a moderate heat, than to keep the 
boiler at its maximum temperature. 

(72.) But beside all these causes that modify the 
effect, there is another, that will alter the propor- 
tions which may be employed. The data from 
which the calculation of the boiler surface is madfij 
assumes the difference to be 140° between the 
temperature of the pipe and the air of the room 



EXrOSBD TO THE riBE. 179 

which is heated; the pipe being 200°, and theair 
60% , But if this difference of temperature bi Teh 
dutjed, either by the air in the room being higher, 
01 Ijy the apparatus being worked below its maxi- 
mum temperature; then, in either case, a givefl 
surfe.ce of boiler will suffice for a greater length of 
pipe. For if the difl'erence of temperature between 
the water and the air be only 120" instead of 140", 
the same surface of boiler will supply the requisite 
de^ee of heat to one-sixth more pipe ; and if the 
difference be only 100", the same boiler will supplj' 
above one-third more pipe than the quantity before 
stated. It will, therefore, sometimes occur in prac- 
tice (where economy in construction is the primary 
object), that the quantity of pipe in proportion to 
a given surface of boiler may be even increased 
beyond the amount which is given in the preceding 
Table ; because, in forcing-houses, for instance, the 
temperature of the air will always be above 60"; 
and in the warming of churches, workhouses, or 
oilier large buildings, the temperature of the water 
will generally be considerably below 200" — the pipe 
not being required to be worked at its greatest 
intensity, — and, therefore, in both these instances, 
a larger proportion of pipe may be applied to a 
given sized boiler ; but, as already observed, an in- 
creased consumption of fuel, and more attention in 
the management of the fire, vrill then be required. 
And, therefore, it follows, that although a smaller 
boiler surface would really supply a sufficient 
quantity of heat, under strict management and 
constant attention, it will generally be better not 
ttt reduce the size of the boiler below what has 
here been stated ; for not only will the apparatus 
need less attention, but also the required tempera- 
ture of the buihUng can be thus much sooner 
attained, as well as more easily continued. A very 
good proportion, suitable for nearly every purpose. 
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fe to allow abont one foot of boiler surface (calcu- 
lated, as already described. Art. 71) to about 40 
superficial feet of pipe, or other radiating surfeoe. ' 
(73.) It may be desirable here to state wliat art 
the peculiar characteristics of a good boiler for this 
purpose, and how the qualifications of each par- 
ticular shajie are to be judged of. Some general 
rules also may be given, though a minute detail Of 
the peculiarities of each of the various forms would 
scarcely be worth the space such a description 
would require. The principal recommendations of 
a boiler are, that it shall exj^se the largest surface 
to the fire in the smallest space ; that it shall effectn* 
ally absorb the heat given out from the fuel, so that 
as little heat as possible shall escape up the chinii 
ney; that it shall allow free circulation of the w&,ter 
throughout its entire extent; and that it shall not 
be hable to get out of order, nor rapidly deterioPati 
by continued use. The first of these qualifications 
is of itself a compound question. We have seen 
(Art. 71) that any surface exposed to the direct 
action of the fire, or, in other words, to the radiattt 
heat, receives, in a given space, three times as mucti 
heat as a similar surface exposed merely to the 
conducted heat, or that which is afforded by the 
products of combustion after they are thrown off 
from the bm-ning fuel. Here then is a very irft- 
portant distinction in boilers; for as radiant heat 
passes in straight lines in every direction, it follows 
that the largest possible surface ought to be exposed 
immediately over the burning fuel, and that, too, ^ 
the least possible distance; because the effect of 
radiant heat decreases as the square of the distance 
between the radiating and the recipient bodies 
(Ai't. 194,). It is no recommendation of a boilej', 
therefore, to say that it contains a ceiiain number 
of square feet of heating surface in a given space j 
for unless this surface can be acted upon by the 
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rfit^^ftt hsat of the ftirnace, a. boiler: of leas t^ai} 
ooe-half the aupeificial measurement, if judiciously 
contrived for this object, may greatly exceed it iij 
poweiv* It is by not attending to tliis distinction 
that so many people deceive themselves in the coa- 
struction of boilers. In order to increase the surr 
face of the boiler as much as possible, they overlook 
tliie important thstinction — whether tlie surface so 
added is or is not exposed to the radiant heat of 
the five; and they frequently contract the surface 
exposed to the radiant heat in order to add a rather 
larger surface somewhere else; overlooking, th? 
fact, that unless they can add i/iree feet of eurfac* 
in place of each foot they subtract fi-om the former, 
the boiler will have less power than it had before. 
In this way complicated forms of boilers have heea 
constructed, expensive in making, and inferior in 
power as well as in economy of fiie), to other more 
simple forms. There are no boilers which j 



• ,* The most remarkable illuBtration of the effect of expcemg 
^ jATge sar&pe to the direct action of the radituit heat, is aiforded 
by the evidence given before the Committee of the House of 
Commona, in 17D8, on the DistUIeries of Scotland, Owing to 
iSe' mode of levying the duty at that time, it became an object 
to'vork off the liquor from the still aa rapidly aa poeaible^ 
irrespective of the oost of the apparatus or the ezi^nditure of 
fuel. To such an extent was this carriedj that the stills were 
actually charged, the wash distilled, and the i-efuae discharged, 
abont 5S0 times in 24 hours, or 2| minutes for each charge cf 
16 gallons There is no other inataoce known in the Isaai 
Approaching this extraordinary result, in which a small vesae^ 
C^ the measi;rement of 40 gallons could distU a charge of 
I'6 gallons of waali iu I| minutes, half a minute more being 
required for charging the still, and the like time for diBoharf^iig 
the.retiisa. This was accomplished by having the still exoeed- 
inf^y fiat, so that the largest possible surface waa exposed to 
the direct action of the radiant heat, and the flame acted 
liitenaely upon the whole bottom surlace of the still, and then 
parsed' off at once into the chimney. The waste of fuel was of 
course immense, but the rapidity of action was fully eccom- 
plidied. — Jlepirrt on Scotch Dktilleris^, 1799, pp. 517-731,, 




ADVANTAGEOCa CONSTRLXTION 

thvwr adrant^es m a greater deg;ree than the boilers 
shown in figs. 18, 22, and 23; the former being th* 
arched boikr, which appears to accomplish all that 
can be desired as an efficient iisefnl boiler, and the 
latter is the belWhaped boiler, now comparatiTely 
little used, bnt still possessing great merit as a most 
efficient form of construction. The comparative 
disnse of this latter boiler probably arises irom the 
great difficulty of setting it properly, and from 
beinp not so easily worked and kept clean in the 
flues as Home others. It is necessarily made of cast 
iron, as the form is too difficult to make of wTOught 
iron ; and the part exposed to the fire is coretied 
with a scries of ribs two inches deep, and about 
one-fourth or three-eighths of an inch thick, radio-' 
ting from the crown of the arch, at an average 
distance of two inches from each other. Th^ 
ribs, it is evident, must increase the surface exposed 
to the fire to an enormous extent, and that, tbdi' 
precisely where the effect is by far the greatest; 
being immediately over the burning iiiel, and 1*-' 
ceiving the whole of the radiant heat from the' 
fire* ' -' 

* An early as the year 182S, the author adopted tte plan of| 
increnaing the heating snrface of these boilerH by means ot'i' 
great aamber of protuberances cast on the bottom, wU#' 
protuberances were one inch long and Beven-eightha of an inch 
diameter, and placed two inchea apart from each other. StfB-'' 
BCqnently these pins, or protilberancea, were still further- vit^' 
tcnded, so aa to form continuona bam or riba, radiating from' 
the centre of the lioiler; and they were made one inch and' a 
half deep, and three-eighths of an inch thick, and they Tpere 
then placed as well on the aurfiice exposed to the water as that 
exposed to the fire. This plan of increa=(ing the heating snrfwA 
■was, in the year 1835, patented by Mr. Sylvester, both for cart' 
and wrought iron bollera ; and in 1841, Mr. C. W. WiUiains 
patented the same plan for wrought iron steam boilers, thte pitiS.' 
being, by his plan, screwed into the substance Of the pLlrtfr," 
instead of being formed by rolling, as proposed by Mr. Syl+*teh' ' 

It has been gpnelally supjwaed that aU sharp protuberaHiM* ' 
iiuide a boiler caused a more rapid ebullition of the water iibr&i-- 



^7^74") ^Thfi': second qualification, that the boiler 
Bbiall. absorb tbe greatest quantity of lieat from the 
fiiel, IB partly dependent on tlie cause already 
explained, ajld partly on the conducting power of 
tbe metal itself. In this respect tbe boiler (fig. 18)' 
possesBes an advantage over the other, in conse- 
quence of being made of wrought iron, and there- 
fore very much thinner. Were it made of copper^ 
its effect would be still further increased (see 
Art. 204); but the greater expense of copper is an 
objection. 

(75.) The third recommendation of a boiler, that 
it shall allow of a free circulation of the water, is 
entirely dependent on its form ; and on this subject 
some remarks have already been made (Art 68). 
And the last test of a good boiler, that it shall not 
be liable to get out of order, nor rapidly deteriorate, 
is, one that depends partly on the goodness of the 
mateiials and workmanship, and partly on the mode 
of producing the combustion of the fuel. Some 
very important chemical effects appear to result 
occasionally, both from the fuel employed, as well 
as from the method of combustion. The effects 
on copper are the most destructive : and instances 
have occurred where the bottoms of copper boilers 
have sepaiated entirely from the sides, as though 

a fiftt Burface; and the author originaJly adoptml this mode of 
incrpoaiog the w^ater Burface ss well as the fire surface ; aud this 
plan was also followed both by Mr, Sylvester and Mr. Williama 
in their patents. Subsequent esiieriinents, however, have cou- 
T^iced ti^e author that it is unnecessary to incrtiHse the water 
8uc&ce,by these roeatisj aud in paxticular Mr. Jo»nh Farkea'a 
e^pcoimeuts in 1S40 (vide his published Beport), on Mr. M. A. 
Perkioa' patent steam boiler, proved that, owing to the great 
conducting powej' of water, the whole of the heat was abstracted 
from 117 superficial feet of iron eapoaed to the fire, by 44 anper- 
ficial'&et exposed to the water; or that the water will absorb 
the. heat at least 2-6 times as fast from the iron, as the iron can 
r|;qeiye jit irom the fire; and therefore it appears the internal 



INJURIES TO BOILERS. 

cut through with a chisel, just at the part where 
the principal action of the fire occurs ; and others 
have become entirely riddled throughout the surface 
exposed to the fire. These are very rare occur- 
rences, and the cause appears somewhat obscure; 
but the subject will be better explained in a subse- 
quent chapter (Chapter VI., Part II). Generally 
speaking, a wrought-iron boiler will heat quicker, 
and with less expenditure of fuel, than a cast-iron 
boiler : it will also be less liable to accidents, a^ 
cast-iron boilers occasionally crack, particularly if 
they contain sharp angles in their construction, or 
if tliey are so formed that the fire acts unequally 
on them, and expands one part more than another. 
From these defects wrought-iron boilers are exempt ; 
but, on the contrary, wrought iron will corrode 
much more rapidly than cast iron ; and in very 
damp situations, where the stoke-hole or boiler- 
house is sometimes left for half the year some inches 
deep in water, a WTOught-iron boiler would be ra- 
pidly coiToded, when a cast-iron one would be 
comparatively uninjured, ' 
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CHAPTER V 



On the Oonstroctioii of Fnmaces — Onnbiisticm depieuleiit on 

, ; Size of f oxiia^e Bar»— Furnace Doors, and otk^r Parte of 

Fnriiace — ^Proportionate Area of Furnace Bcu^ to the Fuel 

■ 6(mstCttifed--Confining the H^eat within the Furnace — Di- 

- -t)Betioii8 for Building the Furnace for different Boilers — 

iiAdTaostage of laige Fumaoes — ^Modes of Firing — Size of 

y jChimniBy^. , _ , 




.^IIE construction qi the furnace for a hot- 
w^ter apparatus is a matter which requires consi- 
dj^^hli^ pare ; for although, from the small size of 
the toilers generally used, the ftunace is by no 
means difficult to construct, it is a very common 
fault in building them to allow of such a very easy 
exit for the flame and heated gaseous matter, that 
a large portion of the heat passes up the chimney. 
Instead of being received by the water in the boiler. 
This arises principally from the shortness of the 
flues in these boilers, in comparison with those of 
steam-engine boilers ; and in setting boilers for hot- 
water apparatus, it therefore requires great caution 
to prevent an unnecessary waste of fiiel by erro- 
neous principles in constructing the furnace. 

In giving some general instructions on the sub- 
ject of furnaces for hot-water apparatus, it is not 
intended minutely to describe the proper ftunace 
for each different form of boiler ; but the plan of 
building the furnaces for three or four different 
forms of boilers will be given, and the application 

G 
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of Ithepnticiples to other forms must be left to the 
diseretion of those who erect them. j .n 

(77.) The rate of combustion of the iueLirt « 
furnace depends very little upon the total slzeitifi 
the ftimace, but chiefly on the proportionate! siis* 
of the furnace bars. A furnace which possesses, for 
instance, an area of 12 square feet, would nofr 
necessaiily burn a much larger quantity of fuel per 
hour than one that had only an area of eight square 
feet ; provided the area of the furnace bars was the 
same in both cases, and that no more air was admit- 
ted to the former than to the latter. But, by 
building the furnace of considerable dimensions, 
and with a moderately small area of fire bars, the 
fiiel can be made to bum for a much longer period, 
without attention or renewal ; and this is a very 
important object for this description of appaxatusL 
For, as so intense a fire is not required, as is the. 
case with a steam boiler,* an extremely small degFeei 
of attention is necessary for a furnace of this fcindv ■ 
which, when well constructed, ought to burn for ten_i 
or twelve hours without replenishing the fiiel. : 

(78.) In all cases, a good and perfectly tighit. 
furnace door is requisite; for, if the door does not: 
fit accurately, a large quantity of cold air enters, 
and passes between the fuel and the bottom of the 
boiler, and cools the boiler to a considerable extent,-^ 
The furnace door should always be double ; J andi 

* lu Bome steam boilers, particuJ^rly in tlie Conusli bojjerB, r 
the fuel is burned witli slow coiabuation ; but tbo furnaces and 
boilers arc very large in proportion to the work ilone by thein, ' 
and great economy of file! resnltafrom this plan of heating- tlind' 
(see Chapter VI., Part II.) -.i i.i 

t In a subsequent chajiter, the combustion of smol^e. wlL):)^ { 
diacuH&cd, and it will then bs abowo that the admlBsion of au*,. 
at or near the fiimace door, is aometimes desirable, but only in' 
partinular stages of the combtostion. i -:■,[/ i 

X Ci)uiit Eumfoi'd first introduced these double furnace doors, 
of nliLeh many modifications have been since adopted. 



t" reKSAcaf-"' ss 

aJdi'sSdbik Vii tii0^b:^^-pit should bensed^ in oiildr 
to shut off the excem of air when the fire is required 
to burn elowfy for a great length of time. Imme- 
diately within the ftimace door there should be » 
dumb plate ; and the larger this is the better, pro- 
vided it does not project the furnace bars too far 
back, so as to cause the most active part of the 
cotflbustion to take place at the posterior part of 
the furnace, instead of immediately under the boiler. 
The use of a large dumb plate in front of the 
fiirnace bars is to allow the fuel to he gradually 
coked, by placing it first on this dumb plate, and 
then, when well heated, pushing it fonvard upon 
the furnace bars, where it enters into active com- 
bustion, and then a fresh charge of fuel is to bei 
again laid on the dumb plate in order to undersjo 
the same operation. By this plan of coking the 
coals on the dumb plate, nearly all the smoke 
from the furnace may be consumed ; by which a 
considerable saving of fuel will be effected,* and a 
great nuisance prevented. 

(79.) The size of the fu-e-grate, or furnace-batS, 
mtist be' regulated by the quantity of pipe or other 
beating surface which the apparatus contains. The 
quantify' of heat given off by a certain extent of 
iron pipe, or other heated surface, can be exactly 
ascertained, and will be shown in the next chapter. 
From the data there given, we learn the quantity 
of coals required to be burned per hour, in order 
to maintam the required temperature. Having 
aliready given (Art. 71), the extent of boiler surface 
required to heat a given quantity of pipe, it will 
be desi]-able now to show the area of the furnace- 
bars Vfhich will be required. It has already been 
stated (Art. 72), that the extent of boiler sm-face 
i exposed to the fire, may with advantage be in- 

'■ See Chapiter Vl., Part IL. on tllP " Comhustion of Smokp." 
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oroasedlwyoiul the dimensions already. ffiveiic'and 
tliJtt t'cojujiny of fuel will gonemUy result from. thi& 
ilinvased Mtilnut;. But the quantity of fuel tliat is- 
hurued oiijtlit not to be ako increflsed iti the aain* 
way ; aud therefore the size of tlie furnace barfl; 
which ulone regulutus the quantity of fuel coit- 
Wuied, should he proportioned to the extent of the 
surfiice. giving off heat to the building, rather thaii' 
to the dimensions of the boiler. ^ , i. 

With tho ai'erage dimensions used for ftiniace- 
htars, the spaces for the admission of air will gene- 
tally vary from one-fourth to one-third of the total 
area of tlie space occupietl by the furnace bars., Ihi 
thini CQSo, one stpiare loot of furnace bars will be 
Sufficient to huru about lOlbs. or 1] lbs. of coal per 
hour, under ordinary circumstances ;* and on this 
calculation the following Table has been con- 
Htruftcd : 

Tahle I it. 



Arcai nr Itnrx. 




4-JU. rifB. 


a-iu. i-ipo. 


iMQfilpfcj.j 


7!\ 8qimv.« incl.i 
10(1 


swill 


..lU.ly ISO feet, 
200 „ 


or 300 feet, 
266 „ 


" iffi'';' 


13" 




300 „ 


400 „ 


soo"'"' 

800 ;- 

1000 „, 


800 - ., 




400 „ 


533 „ 


3B0 




flon „ 


C66 „ 


3do , ;. 


". 


fiOO „ 


800 „ 


1200 ,'.; 
leoo-y"' 


m' ' 




SI 10 ,. 


IOCS „ 


flno , 


■■ 


lIKin „ 


1333 „ 



, • Tlie ooiismnptiiHi of fuel, ou any given area of ftmoace' 
UarB. iiiiist deptiiul upon the rapidity of tlio dmught. In. J<x»;, 
motive engines, witli an artificial lilaat from tlie steam, Jjj^ 
coHBumiJtion of foul is ultout SOlbs, from eacli sijiiare fppii, qf^ 
tiro grato pur liour. In some furnaces the consumptioa ia atilii 
nipre than Gibs, per square foot, or a1x>nt iV of ihc locon^otiyo 
eagiue furnace; but tiie quantity given in the text is a ™^^! 
rate, Mr. Andrew Murray {Minvies of liislUiUion of Giv^. 
fSngineern, Jutie, 1844) estimates the average consumption ui 
stoam engine furnaces at 13 lbs. of coal per .^uai-e foot of, 
fiirtiiice hnrs, and tliat 130 cubic feet of air should pass through 
i.hi! furnace for each pound (if coal consumed, in onler to pTO-i 



I Thus, suppose there arc 600 feet of pipe, foW' 
inches ill diameter, in an apptiratus; then the area' 
of the bars should be 300 square Incbet;, so that J4 
inches in width and 22 inches in length will give 
the requisite quantity of surface.* ^-'Wben it is 
required to obtain the greatest beat in the shortest 
time, tlie area of the bars should be proportionably 
increased, so tliat a larger fire may be produced ; 
and, on the contrary, when the object is to obtain 
slow combustion of tlie fuel, and when the rapidity 
with which the apparatus becomes heated is of little 
or no oonscqueiice, then the area of the bars may 
be reduced. The best method, however, will gene- 
rally be found in using a sufficiently largo surface 
of fire bars for the maximum effect required, and 
to regulate tlie draught by means of an ash-pit 
door, and a damper in the chimney; by which 

diicQ perfect combustion. Taking Dr. Uro's estimated velocity 
of 3G feet jier aecood, as tlie average rate ftt wliicli the air 
passes 'througli a fiimace, Mr. Murray eatiuiatea the si^e of (li« 
opeiiii^g over the bridge of tbe furnace ought to be 26 squtice 
inches, for each square foot of furnace tars. The temperature 
of an oi'dinary furnace is assumed to be about 1(HJ0° of Fah- 
renheit^, tind at this temperature tbe gases passing through it 
would , be expanded to three times their original bulk ; aiui 
theee proportions will allow sufficient air to jiass through the 
furnace to compensate for that portion which is not completely 
consumed. 

• The proportions dcdticible from the above Table, and those 
given in Art 71, for ascertaining the boiler siu'fece, are very 
different to those generally used in steam-engine boUera. It 
will "be observed, that by the rules hero given, the area of the 
ftfrnace bars is abttut one-sixth of the area of the boiler siirfece 
diposed to i/te direct action of the fire; whereas in steam 
bdilfer^ the flue and boiler' surfacea conjointly are usually in 
proportion to the stirfece of the fumacH bars, as 11 to 1, and 
spfnetimea e'ten na IS to 1 {British SNeidiJic k^iorts for 1842, 
p". iVii): When this latter calculathon, however, is reduced to 
th6 feme Standai-cl as the other, via., three feet of flue surface 
being '^uftl to one fuot o( boiler surface exposed to the radiant 
he**, tlie dififereuce will not be near so great aa it hero appears. 
And it must also be considei-ed that in large boilers the pro- 
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■mearls almost any recpiired rate of comKustibo can 
be obtained, with any ordinary degree of care;* . i' 

pcwtaoDB uitiBt neccfisai'ily diHijc froia those of the yeiy Vg^ 
boilers required for a hot-wat«r appiiratus ; for tlie i-ffecD pf 
radiant heat decreasoa as the- square of the diatance betweleri the 
reeipieut Buriace and the hot body; and ttierefora it is TOry 
eaay to aeo how a conHidemble di^ereaoe may arise between 
uir&ioes placed bo differently in this respect, e^ they necessanty 
must be in large and in small boilers. 

• When a rapid draught ajid quick combustion are tecjuli^ 
the furnace bara may vety advantageously be made Tcry nar- 
row and deep, so ae to allow a larger prop<Hrtioiiat« space foe tke 
entrance of the uir. Instead, therefore, of using furnace bars 
one and a half, or one and three quarters of an inch wide, with 
half an inch air space between the bars, iJioy may be made 
about tbree^ghths, or half an inoh in width, and about fenr 
and a half or five inohea deep, tapering at the lower edge to 
about one^aghtU of an inah, and made with shoulders, a^ ^ufl, 
to allow about half-inch air B|)uces. Bars of this kind wQl Have 
Many advantage^ in partioular cnses, They will allow biyre 
than twice the quantity of air to pass through that the otltcr 
ban will do, and therefore twice the quantity of coal oaa be 
burned on each square foot of the bars ; and they will ,last 
longer than bara of the ordinary constnictaon. The author, ,at 
tlia latter end of 1842, auggeated the use of these bars in loto- 
tiiotiVe enginefl, which is the most severe test they could b0 |»it 
to, and the result has been completely suceesaful. Owin|; to 
the ex.treiao thinness of the bars, the air passing between them 
keeps them always cool, which is impossible if the bars much 
exceed this thickness. The great depth of the bar gives the 
necessary stifihees; and the result of nearly twelve labn'Sia 
trial, and with nearly twenty locomotive engines, was a vary 
great inoreaBe in tlie durability of the furnace bars, in add-on 
to the obvious advantage of admitting much more air into the 
fuiTioeo. Some of these bars, after having been used ,for ten 
months, and with which the engines ran nearly 30,000 miles, 
■were still perfectly good, after having done nearly fi)ui7 tSmea 
the work of ordinary bars. The best size for this pUTftoie'is 
five and a half inches deep by half an inch thick, tapered' to 
ft quarter of an incli. 

When the old form of furnace bars is used, and they (tre 
required to bear a very intense heat, their durability is inoredsed 
by making a longitudinal groove in the upper surface a'bout 
three-eighths of an inch deep. This groove becomes filled'wtth 
ftshes, which, being a slow conductor of heat, pi-eserVee tUeli&m 
from the intense heat of the fi If. ' '"■ ' '■'"■'■'■-' Ui* 1 
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, (80.) When the faze of the furnace will alluw qf 
it, a dead plate should be placed beyond the baes 
at the back of the furnace, as well as in the front ; 
but the very small size, both of the furnace and the 
boiler, for a hot-water apparatus, frequently ren- 
ders this difficult or impossible to obtain. Where it 
can be done, it will be found advantageous U) 
adopt it. Sohd brickwork answers as well for this 
purpose. 

(81.) It is a matter of very great importance, 
that the heat should be confined within the furnaoe 
as much as possible, by contracting the farther end 
of it, at the part called the throat, so as to allow 
only a small space for the smoke and inflamed gases 
to pass out. The neglect of this causes an enor- 
mous waste of fuel ; for, in consequence of the short- 
ness of the flues of these boilers, the heated gaseous 
matter passes too readily from the boiler, and 
escapes through the chimney at a very high tem- 
perahire. The only entrance for the air should be 
through the bars of the grate,* and the heated 
gaseous matter will then pass directly upwards to 
the bottom of the boiler, and should be there 
detained as long as possible by the contraction at 
the throat of the furnace ; and if this part of the 
furnace be properly constructed (by not making the 
throat too near the crown of the boiler, and mak- 
ing it sufficiently small in proportion to the total 

* Tieae obaeryationa apply cxclusiTely to tLe amail furnaces 

,and boilers used for hot-water apparatus, and not to large 

^ fiimacos for steam Iwilers, or lor other purpoaea. In the latter, 

I air may very advantagaoualy be introduced at or near the 

furnace door, or in many other ways, as will be shown in the 

,, chapter on the " Combustion of Smoke." Even in these email 

I feu^acea, a limited quantity of aii- might m certain stages of the 

, eatahvslion be advantageoualy introduced^ but this woutd reqnire 

jso niuah more attention than is usually given, or indeed required, 

fipo* an appanvtuB of this kind, that the rule given in the text 

will be found moat otlvisablo for oirdinai-y practice. 



plate, the fimiate bars, and the brickwork Iwyond 
the fiirnace bars^ being all exactly on the same 
lerel. The distance Ijetween the front of the boiler 
and the fiiniace door will, by this arrano;eDient, be 
just nine inches; and this space is made up with 
brickwork, which forms the general front of the 
whole furnace ; and in this brickwork are placed 
three soot-hole doors, to clean out the three flues. 
Two of these doors are sho^vn in fig. 29 ; the other .' 
one is supposed to be removed, to show the inside 
of the flue. At the back of the boiler are placed 
two fife lumps, shown in fig. 30, and which are 
"-'. '"■" Fro. 3a Fig. 31. 




iriadeto'fit the size of the boiler. When these two 
fite lumps are placed as shown ui fig. 30, they 
leave an opening between them of from 3i to 
4^ inches, according to the size of the boiler. 
This opening should come, as nearly as may be, to 
the centre of the arch of the boiler ; and it is the 
only passage for the flame and smoke to escape 
into the flues, which here divide to both the right 
and left himd, passing along the sides of the boiler, 
and following the direction of the arrows. Two 
cast iron plates arc built into the brickwork, in the 
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ol" the fire ; and 
its external surface 
will scai^cely eX' 
ceed the flue suFr 
face of the arch 
boiler, in its power 
of absorbing heat j 
and this flue sur- 
face, we have al- 
i-eady seen, only 
possesses one-tliii"d 
the I absorbent power which those surfaces have, 
that are exposed to the direct action of the radiant 
heat , The fire of this boiler, however, is not diflS- 
Qult to manage, and hums with but little attention. 
(87.) In the boiler, fig. 26, there is necessarily 
a considerable waste of fuel, in consequence of 
the flame escaping immediately into the cliimney 
without passing through any flues — this form of 
boiler not admitting of aiiy kind of flues being 
used. The flame passes between the several pipes 
w:hich form the boiler, and of coui'se can only act 
upon their under side. If the drauglit be rapid, a 
partial vacuum must be formed on the upper side 
of the pipes, the flame passing in straight lines 
upwards; and, therefore, a loss of heat by radiation 
would take place from the upper side of the pipes 
which form this boiler. The boiler, however, neces- 
sarily heats rapidly, as the consumption of fuel in 
the furnace, owing to the rapid draught, is very 
considerable. 

(88.) The advantage of making the furnace to 
contain a large quantity of fuel has already been 
mentioued. But, independent of the smaller degi'ee 
of attention requb-ed, when sufficient fuel to last for 
many hours is supplied at once, it is found practi- 
cally tliat great economy results from this plan; 
and from experiments made on this subject, with 
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position shown by a, fig- 29, to divide thai lower 
from tlie upper flue. These flue plates do not 
come to the front of" the boiler by from four to five 
inclies, thus leaving a passage from the low«- into 
the upper flue, and from the latter into the chimney. 
Tlie whole of these flues, of which there is one on 
each aide of the boiler, and one on the top, are to 
be made as deep as ever the boiler will allow, aiid 
the brickwork should stand oif from the boiler 
about 4^ inches, forming the width of the flues. 
By this arrangement it will be perceived, that nedrly 
the power of a reverberatory fiu'nace is obtained. 
The upper fire lump, shown in fig. 30, stops, the 
flame, and retains it as long as possible in contact 
with the inner arch of the boiler; and on this 
mainly depends the economy and eificiency of this 
plan of setting these boilers. The flame and smoke 
then pass through the two fire lumps, dividing 
right and left into the two lower flues, and from 
thence passing into the upper flue on the top of the 
boiler, which latter should be nearly as large as the 
other two together. A damper must be placed m 
the chimney in such a position as to be easily 
got at. ■ I 

(83.) This plan of setting arclied boilers is per- 
fectly available for all boilers, from eighteen inclvcs 
long up to about six feet long ; for boilers beyond 
that length, it is advisable somewhat to modify 
the plan, by placing a fire-lump within the inner 
arcli so as to form a bridge, which bridge shonid 
be formed to fit the arch of the boiler, but leaving 
a space of about five inches in depth and the width 
of the arch, between the crown of the arch and 
the top of the hre lump. Wlien this bridge is used, 
the two fire lumps already described are not re- 
quired; but this latter mode of setting boilers is 
only suitable for those which are more than ax 
feet long; and iu this case the bridge is. best 
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placed at the distance of about tax feet ixora thu 
front end of the boiler. 

(840 The boiler, fig. 22 and 23, requires nearly 
the same arrangement; but in this boiler tlie aper- 
ture for the escape of the flame and smoke is gene- 
rally made a part of the boiler itself. Tliis opening 
is also somewhat lower down towards the level of 
the furnace-bars, and the boiler being circidar, the 
0ue generally winds round the boiler, instead of 
passing separately on the right hand and on the 
left. The boiler, fig. 21, may be set in the same 
kind of furnace ; or if the two legs or protube- 
rances at the bottom be very short aud close 
together, the fire may be made to act upon the 
whole under side of the boiler (the bars being 
fixed at some distance below), and the flame re- 
turned tJirough a flue along the top. 
. (85.) The boiler, fig. 20, may be set in two 
Afferent ways. When the inside tube is sufficiently 
large, it is best to place the fire inside this tube, 
the furnace bars being placed at about one-third 
the diameter of the tube from the bottom. In tliis 
case the action of the fm*nace becomes very similar 
to that already described for the boiler, fig. 18 ; 
except that the water-way is continued below as 
well as above the fire. The throat of the furnace 
must be contracted, as already described for fig. 18 ; 
but in the present case the flues must first pass 
directly under the boiler, and then pass over the 
sides and top. 

When tliis boUer is very small, the fire must be 
made entirely below the boiler; and the boiler is 
then, best made of an oval or flattened shape, both 
[externally and in the tube. The flame, in this case, 
passes from the furnace below, first through the 
tube, and then returns over the top of the boiler, 
and from thence the heated gases escape into tho 
chimney. ■ ri .ij t>-,ii ?!!i f u-^j- ,v*!'ii tm 




*)9 tf^tXt ifrtiL^ritfe; 

(8(>.) Tlic boiler, flfj. 21, as originally con- 
structed, liH(l no L'xtenmi flue. It was chiefly 
iwert lor very small apparatus, and it possessed 
the iidvantiige, when a very slow draught was used 
(some what similar to that of the Amott's stoves), 
of lidlding HufTicient fuel to allow of the fire burning 
for n long time without attention, which is gene- 
rally difficult to accomplish with very small boilers. 
TIk! itigrnious inventor of this boiler (Mr. Rogers) 
still prilerH this ]»Iau, thoiigh many new modifica- 
tions of the boiler have been introduced. It is 
now frequently used with an external flue, Thfe 
tempemtiire of this boiler is somewhat more difli- 
cult to rt^gulate than that of the arched boiler ; as 
the more the fuel bums away, the greater the heat 
Iwcomen, in conse(|ni'nce of a larger surface of the 
boiler hiring then exjiosed to the radiant heat; and 
uIho beciiiisi' ilie fuel burns quicker, in consequence 
of the air meeting less obstruction in passing 
through it. hi tliis case the greatest heat' is pro- 
duced whtn about two-thirds of the fuel has burnt 
away. When the boiler has an external flue, the 
best mode of setting is to make the flue proceed' 
IVom openings of about two and a half inches by 
six Inches, loft at the bottom of the boiler, ilnd 
leaving a free space for the flue, around the boiler, 
of about two inches, or thereabouts. The draught 
of air meeting less obstruction in passing through 
the external flue, than by passing through the 
large body of fuel contained in the body of the ' 
boiler, the whole external surface becomes avail- 
able for receiving heat from the fire, instead of 
being entirely useless, as in the other mode of 
.setting ; and of course the same sized boiler will 
by tins arrangement heat a larger quantity of pipe. 
Figs. 32 and 33 show the mode of setting thes* 
boilers. This boiler, however, will, under dny ' 
form, expose but little surface to the radiant heat 




of the fire ; and 
its external surface 
will scarcely ex- 
the flue sur- 
face of the arch 
boiler, in its power 
of absorbing heat ; 
and this flue sur- 
face, we have al- 
ready seen, only 
possesses one-tliird 
the absorbent power whicli those surfaces liave, 
that are exposed to the dhect action of the radiant 
heat. The lire of this boiler, however, is not diffi- 
cult to manage, and burns with but little attention. 
(87.) In the boiler, fig. 26, there is necessarily 
i* considerable waste of fuel, in consequence of 
the flame escaping immediately into the chimney 
without passing through any flues — this form of 
boiler not admitting of any kind of flues being 
used. The flame passes between the several pipes 
which form the boiler, and of course can only act 
upon their under side. If the draught be rapid, a 
partial vacuum must be formed on the upper side 
of the pipes, the flame passing in straight lines 
upwards ; and, therefore, a loss of lieat by radiation 
would take place from the upper side of the pipes 
which foim this boiler. The boiler, however, neces- 
sarily heats rapidly, as the consumption of fuel in 
the furnace, owing to the rapid draught, is very; 
considerable. 

I (^8.) The advantage of making the furnace to 
contain a lai-ge quantity of iiiel has already been 
noentioned. But, independent of the smaller degree 
of attention recpiu'ed, when sufficient fuel to last for 
many hours is sH|)pUed at once, it is found practi- 
cally that great economy results from this plan ; 
and from experiments made on tliis subject, with 
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stefim^engine fiimaces, it appears that the increased 
consumption of ftiel always hears a direct proptor- ' 
tion to the frequeticy with which it is supplied to the ■ 
fnmace ; and that in the experiments in questiwi' ' 
the greatest economy resulted when the fiiel-^s' 
supplied only once a day.* When this plan, howvjl 
ever, is followed, the comhustlon is less intenS^ 
than with more frequent firing ; and, therefiMre, a ' 
larger boiler surface is always required in this case*. ' 
Care also should be taken to prevent the ingress of' 
an imdxie quantity of air through the ash-pit, when 
the fuel burns away and the furnace bars thu« 
become unequally covered ; for in this case, a 
large quantity of cold air will rush in btkI cool the' 
boiler. ■ ■■'■■'' 

(89.) The rate of combustion materially depettdS ' 
upon the thickness of fuel on the furnace barSj alnd ' 
its compact or its open state, as illusti'ated in the 
two cases of small coal and of large well humcd 
coke. The quantity of air passing through the ' 
fire-grate or bars must be very different in these 
two cases, and the combustion wholly depends 
upon the quantity of air admitted to the fuel. For- 
unless a sufficient quantity of air be admitted, td ' 
convert the whole of the carbon into carbonic acid' 
gas, it will escape in the form of carbonic oxide, 
and a loss of effect will thereby arise (see Chap* 
VL, Part II., on the Combustion of Smoke). 

(90.) The greatest economy of fuel is produced 
when the fires are kept thin and bright; the coal 
well coked, by means of a large dumb plate in 
the front of the furnace, and the damper kept as 
close as possible, consistent with allowing a suffl- 

" Mr. Josiah Parkea on " The Evn.poi'atioii of Water from 
Steam BoUei-s," in the TranaaetiouH of the Institution of Civil, ^ 
Engjneera, for 183S. This result, liowever, was obtained I>jf^ 
ft jwculiar kind of furnace, in which air wfts admittei) nt the 
bridge, AS woU fls through tlie fira bara. 
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t^ent tbraughti The Comjsli engineSj so celebrated 
for. their economy of fuel, are thus worked. The 
thinner tlie fire, the less is the probahility of the 
fonaation of carbonic oxide, which always causes 
a-loss of heat; and when thick fires are used, this 
loss is frequently very considerable, unless (as in 
Mr. Pajkes's experiments already mentioned) air 
is supphed above the fuel, as well as through the 
fiirnace bars.* In the small furnace of a hot-' 
water apparatus, it is frequently difficult, if not. 
impossible, to adopt this plan of usmg a dumb 
plate sufficiently large to coke the whole of the 
fuel which is used; but the principle should ben 
borne in mind in all cases, and appUed as far a* | 
the circumstances will permit. The theory of com-, ; 
bustion will be given in the chapter on the Com- 
bustion of Smoke. , , ^ 
(91.) It may, perhaps, not be amiss here to^ve j 
some rules for the proper size of chimneys. Very . 
elaborate rules have been given for this purpose , 
by different authors, and the most extraordinary \ 
difference exists between them ; their calcidations , 
giving results totally at variance with each other.i ■ 
But the practical rules are very simple. Mrtn 
Murray f estimates the area of the chimney should , 

.•' Ilk locomotive engines, the firea are frequently M much aa- 
ITflnckoB thick; and the quantity 'of carbonic oxide, formed int; 
coosequenoe bf tJiia great thicknesa, is veiy cosaidera,ble, aji^l ' 
the, l9^ of heat enormous. The thinner the firo, the mare 
perfect "must be tho combustion, booauao the carbonic oxide is 
foHiie'd bj' the carbonic acid, which ia the result of perfect ' 
cottibusfioB, passing through the redJiot c<Ae, by which it'' 
iii(l^bas , an! additional quantity of carbon, and is converted into 
carbppiii pxicle; and on all the carbonic acid that undergoes 
this change, there ariaea a loss of one-half the heat derived from 
its original conversion. The various methods of admitting air 
at tTie bridge, and at other places above the fuel, are all intended 
to obviate this loss, by re-converting the carbonic oxide into 
cafljonic acid, by anj)plying it -with an additional dose of 
oxygen. 

t " Minutes of Institution of Civil Engineer.^" June, 1 8i4. 
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be about 18 inches for a boiler consuming 121bs. 
of coals per hour; Mr. Armstrong estimates the 
area at 20 square inches for the same consumption 
of coal ; * and Tredgold's f calculations give an 
area of about 14 square incbea for the same quan- 
tity of coals consumed per hour, when the boiler 
is worked at a low temperature, and very conside- 
rably less than this when the temperature is high. 
Some of these calculations, however, are for much 
higher chimneys than are ever used for the pur-J i 
pose which we are here considering, and the lower 
the chimney the larger the area ought to be. But 
from what has been stated, sufficient may be 
gathered to estimate the size of chimneys for such 
common purposes as are here supposed to be 
required. J 

* ^matrong on " Steam Boiiers," p. 80, , i - ] i . 1 1^ ■ ■ 

'+ Tredgold on "Warming and Ventilating," etc., p, 114, "" 

t Thoae who wiah to investigate this auliject fiirffiet 'aura* 
reSsv to I^^'a Traiti de la Oluihur, p. 79, et seq.; 'Wjiniifl" 
" On Ventilation," etc,, p. 392, et seq.; Sylvester "On Gtara*'.^ 
nejs;" !Heea' " Encyclopiedia, and Annals of PbOoaophy," ^tc.; j ) 
Qilbert " On Ventilation," etc. ; " Qilartevly Journal of SoieQo^ , 
for T828 ; and Tredgold " On Wai-ming and Ventilating," p' III" ' 
etKq. ■' ''"•' 
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CHAPTER VI. 



Heat- by Combustion — Quantity of Heat from Coal — Specific 
Heat of Air and Water — ^Measure of E^Eect for Heated Iron 
Pipe — pooling Power of Gflass— rEffect of Ygpour — Quantity 
of Pipe required to warm a given Spaoe — Time, required to 
' heat a Building— Facile Mode of calculating the Quantity 
of Pipe required in any Building — Quantity of Coal con- 
• sumed. ; > 

(92,) Having in the preceding chapters investi- 
gated the fundamental principles of the hot-water 
apparatus^ we proceed to consider some particulars 
Yfhich are necessary to be known, in order to apply 
the preceding remarks, and correctly to apportion 
the various parts of the apparatus, and calculate 
the effects which vidll be produced under various 
circumstances. 

Very erroneous notions are entertained by many 
persons as to the absolute quantity of heat con- 
tained in different substances. This subject has 
already been mentioned; and, in the present 
chapter, we shall have occasion to apply this law 
of specific heat in several important calculations. 

(93.) It will, however, be desirable first to ascer- 
tain the quantity of heat which can be obtained by 
the decomposition of combustible materials by fire ; 
for in this also, it may be observed, very erroneous 
notions prevail. The quantity of heat obtainable 
by the combustion of any substance, is not, as 
many persons appear to consider, illimitable, but 
it is as fixed and determinate as any other of the 

u 



laws of heat. The amount of heat by tjopibiistion 
depends on the chemical composition of the pa^-r, 
ticular substance ; hut although this heat may be 
either wasted oi* advantageou&ly applied, according 
as the apparatus used for its combustion is imperTi 
feet or otherwise, still it must he remembered there 
is a maximum effect, which has been accui'ately, 
ascertained, and which cannot be exceeded in any. 
form of apparatus; though in no apparatus yet 
invented has it been possible absolutely to render, 
available the whole of this heat. 

Although every kind of fuel differs in the quan-i 
tity of heat that it affords, it is unnecessary here to, 
inquire into any other than the ordinary descriptions, 
used for pmposes similar to that we are now con- 
sidering. The calculations therefore will be made, 
with reference only to coal and coke of ordinaiy 
and average qualities. i l 

(94.) It is stated by Watt that one pound <^ 
coal will raise the temperature of 45 lbs. of wateii 
from 55° to 212°. Rumford states the same quai^i 
tity of coal will raise 36iVlbs. of water frrtn SS" tO 
212° ; and Dr. Black has estimated that one poui|iq 
of coal will make 48 lbs. of water boil, supposing It 
previously to be at a mean temperature. Thes^ 
quantities, when reduced to a common standard, 
vary but httle from each other. Watt's experiment 
of 45 lbs. of water being heated from 55" to 212f, 
is equal to 39i lbs. only,if heated from 32" to 21,2!"; 
and this nearly agrees with Count Rumford's cal- 
culation ; at least, the variation is not more thaj^ 
might be expected from a slight difference in the 
quality of the coal. Dr. Black's estimate is ^ 
much in excess over the experiments of Watt, 3I? 
Rumford's is in defect ; we may, therefore, tate 
the average of these three experiments, which will 
give us a result, that 39 lbs. of water may be heated 
from 32" to 212" by one pound of coal. 
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' •'(^S.y'TKe Vesiilts of later experiments show that, 
as' an kvei^ge effect, the above calculations aire 
very i^dciii^e, when prac^ on a large 

sHAvs^ ; Ml-. Parkes* found that the greatest effect 
hfe could produce, by his improved mode of firing, 
wis* 1 0*3 Ids. of water, at the temperature of 212", 
evaporated by one pound of coal; and that, by 
the ordinary methods of firing, the average obtained 
is only 7 '5 lbs. of water, of the like temperature, 
evaporated by one pound of coal. The first of 
these is equal to 57*2 lbs. of water, heated from 32* 
to 212°, by one pound of coal; and the latter is 
equal to 4 1*6 lbs. of water heated to the like extent ; 
and which very nearly agrees with the experiments 
of Watt, Rumford, and Black. In the Cornish 
engines, however, a much higher result is obtained. 
Mr. Parkes has given the results obtained in the 
'^ United Mines," during eight months, from which 
it appears the greatest evaporation is 15 '3 lbs., and 
the average quantity 11 '8 lbs. of water evaporated 
from th^ temperature of 212^ by one pound of 
coal, ffle former of these gives 85 lbs., and the 
latter 65ilbs. of water, raised from 32** to 212°, by 
one pound of coal ; which results appear to be the 
highest that are practically attainable, and are very 
much greater than can be produced with any other 
boilers, or quahties of coal, than those with which 
the experiments were made. In all the svibsequent 
calculations, therefore, the average of the experi- 
ments of Watt, Rumford, and Black, will be adhered 
t'o^ as being the most correct for ordinary practice ; 
and we shall shortly have occasion to apply them, 
iti elucidating that branch of the subject which is 
included in the present chapter. 

* Mr. Farkes " On the Evaporation of Water from Steam 
Boilers/' in the Transactions of the Institution of Civil Engi- 
neers, 1838 ; and these results very nearly agree with the results 
arrived at by Mr. Herapath from purely physical calculations. 
(Herapath's "Mathematical Physics," vol. i. p. 351.) 
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CWtain quantity of hot water will pWduce in s^/flnht 
ing the air of a room, there appears to he no better 
method than that of computing from the specific 
heat of gases, compared with water. '[ 

(97.) Every substance, it is well known, has ' tti 
CFWn peculiar specific heat : that is, a given weight; 
(it volimie, of any particiUar substance at a certain 
temperature, contains a definite amount of heat; 
which, if imparted to any other substance, will 
produce upon, this last a certain known effect, 
though it will be different for every different body 
or substance. Now, it is ascertained that one 
cubic foot of water, by losing one degree of its 
heat, will raise the temperature of 2990 cubic feet 
of air,* the like extent of one degree : and hf 
losing 10° of its heat, it will raise the temperature 
of 2990 cubic feet of air 10" or 29,900 cubic fe^f 
one degree, and so on. ' 

(9S.) But this calculation regards only the uHf-- 
mate effect ^vhich wil! be produced, witlimit refer- 
ence to the time which will be required To obtain 
the result. To ascei-tain the time that is required 
to heat the air, which is a most essential elemeht 
in c^■ery calculation connected with the Subject 
under consideration, recourse must be had'td 
direct rx])oriments ; for the rate at which a giv^ 

* TIk'' d|n<ci£o bent of tgital ie«iyiis of water and. air, hy ^0 
«iX|H'i-w>riit(i o( Bonurd autl DelATuclie, 13 foitnd to be a^ 1 ^ 
'3ltC6it : l>ul tvi tho toIuow nr bulk of &u i^d&I w^bt of a^mjto- 
aiji«rtc wv is to watt-r, as Si7-43T to 1, \re shall bave -2666^: 
1 : : 831-437 = 3102. which is the tnuuber of cftbic fe«, tttiib 
tliUhA» tbt>iwuie^>eiaiio heftt as one cubic loot c^ water. 33lN| , 
howtn-MT, api-etirs to bo mthet too high a oalfnlati<»i : for 1^. 
Awjolui. ilk a tuonktiir ncviitlr (luklishe^ (Rept Brit. Sin. Asec^ 
vfj. iv.). gUvB Hit rueult 1:^ a uew mode of tteiermioing the 
Mivoili>] hwtl of piTmaufutly i^laetK- iluids, bj- whith he makes 
the >|tei<ttio hmti oJf atmosphi-ric air 3767. wh«i that of mta 
ta muvwntMl hy uuitv. I'bvmbn ■SJ'fft ■A-.-.S'il 437 = ^9S0, 
whiA ts thtf uumWr ipivu in th« \iext. 
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quppit^lty pf hot water will impart its heat to the 
si^xpunding air depends upon the nature and 
extenrf; of s,urface of the body which contains it, as 
ijTpU ,^ upon the degree of motion which the air 
possesses. The effect of the velocity of the air, 
however^ is not necessary here to be considered ; 
£iSiit is only to a still atmosphere in a building that 
these, calculations are to be apphed. But as the 
radjiating and conducting powers of different sub- 
stances vary considerably, it is necessary to make 
eo^penments with the same substance or material, 
9$ the pipes for which we wish to estimate the 
e£fect> before we can arrive at any conclusions as 
to the quantity of heated surface that will be re- 
quired to produce any desired temperature in a 
building. 

' (99.) From the experiments made to determine 
this question, it appears that the water contained 
in an iron pipe of four inches diameter internally, 
aB,d four and a half inches externally, loses '851 of a 
degree of heat per minute, when the excess of its 
temperature is 125° above that of the circumam- 
bient air. Therefore (by Art 97) one foot in length 
of pipe four inches diameter, will heat 222 cubic 
feet of air one degree per minute, when the diffe- 
rence between the temperature of the pipe and the 
air is 125^* 

* From the data given in Art. 229, Chapter X., it appears that 
171 '875 cubic inches of water, exposed to the cooling influence 
of the air by 287*177 square inches of surface of cast iron, loses 
•8 of a degree of Fahrenheit per minute when the air is 79** 

125 X *8 

oolder than the pipe: therefore — ^ — = 1*2G5** will be the 

loflB of heat per minute when the temperature of the pipe is 
125" above that of the air. But this quantity of water, ii* ex- 
pc»ed in a pipe of four inches diameter inside, and four and a 
half inches outside, will only be surrounded by 193*435 square 

isiches of radiating surface; therefore 287-177 — ^^ *85P, 

will' be the loss of heat per minute by a four-inch pipe, when 




torn or hbat 

Timtmlnhtina mil acireas tbebui faj^^^^pdh ] 
t the ^aaaoKf oi heaang stahtxSn 
Bat be&re we e«B appij tt pncii- 
ic know wfaac ({oatficy dt' boc '4ke 
J wiDIoae per niBBle, by ike cooliagpvv^ 
of ^ ^Ui^ I7 TentSatioa, la^atwa. uui *Q aA(r 
BJimji wlaieb may ta^ to lower icft tan|)cntfS9; 
tar ea tkcae wmai f wiiirii snst obvioasly depend 
tf»g i|»MMilj rf heat thai ia fWjmgd to be 'added to 
ftbr the warmhig apparatus. 

(100.) TIk tfuantity of air recfuired fiir vendUtioD, J 
and the method of Tendlacin^ bmldin^, are co&- 1 
sidered m aabsequent chapters (Chapters III. and 1 
IV,, Part II). It is mmecessarr, therefore, in tins 
place to pmsue the subject further than to state, 
that in pobljc buildings and rooms of dwelling- 
hooses, a quantity of air equal to from three and a 
half to fire cubic feet for each individual the roooi 
contains most be changed per minute, in order to 
preaer\'e the whofesomeness and purit\- of the 
atmosphere.* 

(lOI.) The loss of heat in all buildings having 
any great extent of glass, we shall find to be very 
conniderabie. It appears by experiment-f- that one 
iK{uare foot of glass will cool 1-279 cubic feet of mr, 
aft many degrees per minute, as the internal tempe- 
rature of the room exceeds the temperature of the 

the esoesH of tempeiatare is 125° above the circDiuftmbient we. 
Am all pipes arc technically known by their interDol diamet^ 
litia moide of measuring in here oaed, atthongb the ext^rniil 
ineasareineikt would be a more correct deGnition. for the^ eftU 
milatiomt. ' ' , 

* This eattmate is given for ordinary buildings. In as J 
HonwiR of Parliament, and in some other buildings, wfiere'ex- I 

Cnw I* nf no ooDHideration, a much larger portion of air hfl^'beea J 
tro(luv«d tar ventilation very beneficially ; and when tfhe tioat I 
of tKo n|i|iaratiis ia unimportant, it may be assumed that tbA I 
Iftrger the quantity of fresh air introduced, the great«r'vriH'fceil 
thd comfort and mlubrity. 

t " fiXjK;rimi?tit8 on Cooling," Art 230. 
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■ ^cdsrt^mial air; that is, if the difference between the 
iiitferttal and the external temperature of the room 
l>e SO**, then 1-279 cubic feet of air will be cooled 
80^ by each square foot of glass, or, more correctly, 
as much heat as is equal to this will be given off 
by each square foot of glass ; for, in reality, a very 
much larger quantity of air will be affected by the 
glass, but it will be cooled to a less extent. The 
real loss of heat from the room will therefore be 
what is here stated. 

(102.) But though this amount is only calculated 
for a still atmosphere, intense cold is seldom or 
"never accompanied with high winds,* and, therefore, 
' no additional allowance need be made for this cause, 
- provided we estimate sufficiently low for the external 
temperature. For the highest winds are generally 
about March and September ; and the average tem- 
perature of the former month is 46% and the latter 
59^". The greatest diurnal variation of the thermo- 
meter is 20^ in March, and 18"* in September, so that 
the average temperature of the nights will be 36"* in 
March, and 60* in September.f But we shall pre- 

* That intense cold is rarely accompanied by high winds is 
matter of common experience. The obliquity of the sun's rays 
on the higher latitudes of the Northern hemisphere, when near 
tlie time of the winter solstice, prevents the atmosphere of those 
places which are distant from the Tropics from receiving any 
considerable quantity of heat; and, therefore, the air being all 
of nearly equal density, there is but little tendency to aerial 
currents in the lower strata. 

t These temperatures are for the neighbourhood of London. 
In March, 1837, the night temperature, obtained by a register 
thermometer, only averaged 31*1°, which is nearly 5** lower than 
has been known for many years. Mr. L. Howard, in his 
'^ Climate of London," states that the average temperature ascer- 
tained by observation for ten years, is as follows : 

In London. In the Country. 

T^r, / Mean highest temperature 

* ' * J Mean lowest temperature 

«^ . , J Mean highest temperature 
^eijvcmDer .sii/r i *i- j. 

^ I Mean lowest temperature 



47-31° 


48-46° 


37-32* 


34-57° 


65-91° 


65-42° 


52-45 


47-03" 



tmd (ArL ittk> c^c 9^m th* -4 



if we r-ihndfT dnt tjw^ ctfenMri 
wa W 10-. wiKK we — ^ — -T dw 

■ bwtlifc^ wtenfa 
Ike B^^aod t^oi k wS he 
20' cxknaOf . a d» OK of 3^ boUk^ 
^j wanted to W waiuml Afiug; tke d^ 
A^ be mn i m i ii i fj . evm 
j the thne cf fai^ wrads.* 
^^ t in SHch Mliaiiinua as aze raj wbmA expoaed 
^» 1^1 winds, k. will be pradent to calculate tbc 
esSeroal tempeiauue frotn aero, to cx>inpeiKate for 
tlie eoolse power ci the wind; and, in rerr warm 
and ihdteired atnatioos, a less rai^ie id the tempe- 
xatnre wiQ be safficient ; a local knowledge of the 
Mtuation will therefore be necessary to giBde the 
judgment in particular cases. 

(103.) The difference between the cooling effect 
of glass which is glazed in square and that which 
b rapped is ver>' trifling in those buildings whcare 
the ^r contains much moisture. This is the case iii 
bot-hou»es,where the plants are constantly steamed; 
and therefore, for such buildings, no farther allow- 
ance should be made on this account, for loss (rf 
ht^atf But in skylights of dwelling-hoiises, in con- 

• By rccltoning the external air at the above tempeiatare^ 
the wind may hare b velocity of from twenty to thirty tuifes wi 
hffur, without jirndacing any diminution of the internal tempc- 
raturf ; for it in (irobable that the cooling efiect of wind on oiiii- 
niuy window gliuw u not above ono-half bo much aa appeals by 
the nxpcrimonU, Art, 230. 

t To*! caloiilationii of the specific heat of air, pxen in tba 
notfl. Art. 07, are only for dry air. If the temperature be at 60^ 
and tlic •ir natiiratud with moisture, then the same quantity qf 
hent will only Tuinu the tempemtiire to 2967 cubic feet of this 
Mtiimt^Ml Mr any givt-n number of degrees, which would Hava 
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iseqn^Ade of the greater dryness of the atmosphere, 
the hearted ah* will eiscape through the laps of the 
giaissm greater quantity, in proportion as less 
Vapour is condensed on the surface. The height of 
the skyhght will also make a considerable difFerencfe 
in the velocity of the escape of air through the laps, 
as it depends upon the same principles which have 
been explained (Art 21), as governing the motion 
of water ; the increased velocity being relatively as 
the height and the difference of temperatiu'e be- 
tween the internal and external air.* 

(104.) In making an estimate of the quantity of 
glass contained in any particular building, the 
extent of surface of the wood-work must be care- 
fiilly excluded from the calculation. This is parti- 
cularly necessary in buildings used for horticultural 
purposes, where, from the smallness of the panes, 
the wood-work occupies a considerable space. The 
readiest way of calculating, and sufficiently accu- 
rate for ordinary purposes, is to take the square 
surface of the sashes, and then deduct one-eighth 
of the amount for the wood-work. In the gene- 
rality of horticultural buildings, the wood-work 
ftiUy amounts to this quantity ; but in some expen- 
sively finished conservatories, etc., it is considerably 

raised 2990 cubic feet of dry air to the like temperature. This 
2967 cubic feet of saturated air will contain 68 cubic inches of 
water ; and this quantity of water will absorb as much heat 
during its conversion into vapour, as would raise the tempera- 
ture of 117,507 cubic feet of air one degree. This is equal to 
the entire heat that 46 feet of pipe, four inches diameter, will 
give off in ten minutes, when the temperature is 140° above that 
of the air. The glass, will, however, cool much less of this 
saturated air, than of dry air, for the mixture of air and vapour 
has greater specific heat than dry air. With lapped glass the 
loBS of heat will be less with saturated than with diy air, because 
the vapour, when condensed upon the glass, will run down and 
nearly fill up the crevices between the laps, and effectually 
prevent the escape of the air, and thereby avoid the loss of 
lieat. 

* See also Chapter V., Part II. 
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ItM^ ami Benton Ae aRrmane« nnst be ntode 
MMOrfia^. When the frames and nsbcs anr 
madr of mtAai, the radiation of heat w3 be qnifa 
n great firom the frame as fron the ^^sa : then- 
fiin*, in such cases, no dedactioii must be made.* 

* Soae peTMwa baweMs^ed tluA tbe loa of hem. &vm « 
gbw roof will vai7 greaUj' with the an^ wkLdi the ruof fi»>^>. 
with tl»« bnriznn. Bat Uiia rariuSoa in titc eSecc cuLOot be 
rmy crmnderaUe. It <aui onlr be that porticii cf the htAl lost 
bj cMidiietMXi of the air, th^ eao vaiy n ths n^mjwr ; mod 
Clikalsting the ordmwy escos hw which the tentpeiatun; of the 
bat-biiDse exceeds the t^aperatoce of the extertui] air, this 
portion r>f the heat is only abont ihree-auventlis uf the wli.Je 

Se Art, 1 8fl, etc.) Bnt a simill |>art only of this quantitv will 
afleeUA by the aof^e of the ^htsa. For the cooling «Sect of 
wind oitl be in proportion to th« Dtunber of partid«H irf air 
taitnight iato cuuiact in a girea time- sutd with a horiseintol 
wind thifl will be directly as the aloe of the angle which the 
nvrffwms with the horizon. Snppoaing, then, the roof to be 
at an Angle of 34% m recommended by Mr. Knight (■• HorliCTiL 
Trtau.," Tol. 1, i<. 99), we shall £nd tJiat the sine <k the an^ 
inulti|)Ued hy the above-mtntioaed portdon of the heat alftM^ted 
by Uio conducting power of the air will give aa a result that, at 
tne oiJ((le of 34", there will be about two-nintha more of the 
h«ftt carried off by the conducting power of the air than wonld 
bn tbe euo if the ^aas were placed horizontally. But practically, 
thin \on will be very materially leffiened, by an effect which is 
not <m[iabl*! of being reduced to any exact calculation. When a 
iitjwro of air strikes an ujiright Burfiice of glass, it is not re- 
fl«ct«d back again upon itself, but glidea alcpng the surface, and 
by the incn'aaod lieat will be directed upwards in a vertical line. 
{" Quotolot'd Pliiloiophy," note 5» Appendix,) Paaaing, then., in 
tlili direction, it moots another stream of air proceeding in a 
lini! imrallol to the original line of its motion ; and it ia by this 
ABnin driven more cloaely in contact with the glass. But, having 
boon WHmiod by the contact in the first instance, it will abstract 
low biiat fivm the glnas, and will thus prevent, to a conalderable 
oxti'nt, tliii further loss of heat, until by the upward motioii of 
the air it fmiilly escn.jioa into Hfiaoe. Tlie same effect will be 
iiriHliKK'd by ii glawt roof lying at any augto : but it is clear the 
lii'iiti'd piiH.iol-'N will CBcnpo upwards more easily in iiroportion 
(ui llu> iiiikIo 111' lliu roof is smaller. Now, these effects' a!te 
i'xni>llv {\«- ii]'i)osit<' of each other. The cooling effect of the 
wiilil iiirratiiM witli tliti ftnglo of the roof, and is greatest oti a 
vcrtieni »iirl'ftoo[ while tlio coimt^ificting influence, bytheintep- 
iV'lvnoe iif tlio i>nrtioluB of air with each other, also ii 
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;r Some loss of heat will likewise arise from imper- 
fect fitting of doors and windows. In these cases 
the circumstances vary very considerably ; but, in 
the majority of instances, no allowance is neces- 
sary for these sources of loss of heat, the external 
temperature of the air having been reckoned (Art. 
102) sufficiently low to supersede the necessity of 
any farther deduction. 

(105.) From the preceding calculations, the fol- 
lowing corollary may be drawn : — The quantity of 
air to be warmed per minute in habitable rooms 
and in public buildings, must be from three and a 
half to five cubic feet for each person the room 
contains, and one and a quarter cubic feet for each 
square foot of glass.* This air has to be heated 
from the external temperature, to the temperature 
at which the room or building is required to be 
kept. For conservatories, forcing-houses, and other 
buildings of this description, the quantity of air to 
be warmed per minute must be one and a quarter 
cubic feet for each square foot of glass which the 
building contains ; and this air also will have to be 
heated from the external temperature to the pro- 
posed temperature of the building. When the 
quantity of air to be heated per minute has been 
thus ascertained, the quantity of pipe that will be 

nearly the same proportion ; and therefore the variation in the 
angle of the roof makes far less difference than might at first 
be expected in the cooling effect. The difference, however, be- 
tween the cooling of a vertical pane of glass, and a perfectly 
horizontal one, is not inconsiderable in high winds : but the 
angle of a roof must be very small indeed, before it can escape 
the infinences above described, and be brought to assimilate 
•with a horizontal roof 

* Aa corrugated sheet-iron is coming much into use, it may 
be proper to observe that the loss of heat from this kind of 
material is exactly the same as from the like extent of glass (see 
" Experiments," Chapter X.), and must be allowed for accord- 
ingly, wherever it is used. 
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'.r. ',:.=:''. i./iV.>-:-:. :'--ri lie z:z:i:.fT :::r-rC :-i tcKir- 
,ry:'. 7. :•=:. . 'i.t. -•: :t :>_^ ril:t. m-i^c be muiti- 
y..-^ 'r* .-s-:- '^:.'y.:. ^~.«_ ri'^r :z.r .ez^n ct' ihree- 
■;.'-,:. ^ ;>: : -' '. . .-.iiz :^f : ujc~— :: rsrcw-inch 
p:>':. ::. : l-rT.rT. ::' 7.:'^ ::-r :7.:if< dij^nerer. ob- 
t;i.:.-:.': -v ::.: r^.r. 'i.L.-r. ' e i.: 1' r.-. lir^i bv two: the 
i^:r.:r:r. r^ - -!:vc ;: :::rr-r-i:i:h ^-e. being one-third 
xx/>:'' rr.i:. :.ur-:r.:'r.. mi the ler.zth of rwro-inch 
p:r>^; V.^;!:.'/ '^io :''/.e :r.i: :■: the ::ur-i::ch.. when the 
t/:rri[>^:rat\.r^;s are the sanie in ali. 

fVf>., Bv the foilo'ivinz Table, however, even 

* f>;*. // \f*z i).': tf;rf.j;^raTire of the pipe. aE.d f the tempera- 
fuff, t,h<; rv.rri i-. n/rnT'A to be kept at. then — =^^ =x, which 

* * p — r 

//ill r':jin;vrif. thr: ri'jr/iV^;r of feet of pipe that will warm 222 
t:n\,i*. UaX of /'lir on'; d»:gree f>er minute, when />— ^ is different 
I/* »,K«; pioj/orf.iorr: jrivon in Art. OS. If d rejiresents the dif- 
fi:»« ij' ': I »<'♦,'//«■<■. rj t,li«; int/rnial anrl the external temperature of the 

rnitih, Jiii'i f' t.l»'j niiinl/'jr of cubic feet of air which are to be 

d c 
wiiiini-'i jm:!' iriiriiiU:, tlu-n ^^-.y./.i^^t ^"^^^ ^ *^® number of 

i'fil of pipi- four irw;lM-M diurnetor, which will warm any quantity 
ttt flit p'T ifiiniil'i% urjuirtWuff to the calculations, Art. 98. 

'riii^ iiili-prtvrri ill llio l.f^xt lias 1>oon arranged in such a manner 
lliiit, H. iiiiLy \m Wdiknd witliout decimals. 
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thb Bimple caleulations given in thid rule may be 
dispensed with. The Table shows the quantity of 
pipevftwir inches in diameter, which is required to 
heat 1000 cubic feet of air per minute any number 
of; degrees* The temperature of the pipes is as^* 
sumed to be 200** of Fahrenheit ; this being the 
most usual temperature at which they can be 
easily maintained. But according to the length of 
pipe which is heated by one boiler, the tempera* 
ture will sometimes be greater and sometimes less 
than this estimate, the temperature of the water 
being generally higher when only a small quantity 
of pipe is used. When the quantity of air to be 
warmed per minute is greater or less than 1000 
cubic feet, the proper quantity of pipe will be 
found, by multiplying the length given in the 
Table, by the actual number of cubic feet of air 
to be wanned per minute , and dividing that product 
by 1000. 
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Ta£u IV. 

Table shoT^ns the QTanri-Tv ot Fire. f:iir inches diameter, 
ivhicli will L^at 1' • «> Cu'-i*: Fc^n .:c Air per Minnte, any 
required X:iiiic»rr of De-^ttfs : die Temperature of clke Pipe 
beinjr 200" F:tLrei:hci:. ' 



Temperature Tez:iZr:r\z-m it: Trii:! :Lc ?-.:':z:i is rei^iirei to b« kept 
' of extenuL 

Air. 



Fahrenhei:'* i •: j "-,■, i 
Seale. ^'^ ^^ 



00 ■ OO' ^jZ' ;«>* 75' siy So* 90* 



Ifr 12»5 

12^ no 

U" 112 
IG* lO.j 

18" 



point / 



SO'' 

22^ 

2tr 

28" 
30' 

r«l32" 

34^ 

30" 

38" 

40"*' 

42" 

44" 

46"- 

48*'; 

50"' 

52" 



OS 
91 
83 
7G 
00 
61 
54 
47 
40 
32 
25 
18 
10 
3 



loO 

142 

135 

127 

120 

112 

105 

97 

90 

.S2 

75 

67 

60 

52 

45 

37 



2'» 


OOjj 


259 


292 


328 


367 


409 


192 


22" 


251 


283 


318 


357 


.399 


1S4 


•-, J o 


242 


274 


309 


|347 


388 


17o 


204 


233 


205 


300 


337 


r378 


lOS 


105 


225 


250 


290 


328 


368 


100 


187 


210 


247 


281 


•318 


358 


152 


179 


207 


23S 


271 


.308 


1347 


144 


170 


199 


229 


262 


29S 


i33r 


130 


1G2 


190 


220 


253 


288 


327 


128 


154 


= 181 


211 


243 


279 


317 


120 


145 


173 


202 


234 


•260 


307 


112 


137 


164 


193 


225 


259 


296 


104 


129 


155 


184 


215 


249 


286 



174 2'JO 22 

100 

159 

151 

143 

13.^ 

12^ 

120 

112 

104 

97 

89 

f<l 

73 

60 
• oS 



90 
88 
80 



120 
112 
104 



30 


50 


72' 


95 


22 


42: 


64; 


87 


15 


34. 


oCy^ 


79 




27 


48 


70 




. 19. 


40 


62 




11 ; 

i 


32 


54 



147 

138 

129 

121 

112 

103 

95 

86 

77 



I 



175 
166 
157 
148 
139 
130 
121 
112 
103 



206,239 ;276 
266 



196 230 
187 '220 



178 
168 
159 
150 
140 

il31 



!210 
200 
190 
181 
171 
161 



255 

1245 
235 
225 
214 
204 
194 



*^* To asccjrtain by the above Table the quantity of pipe 
which will heat 1000 cubic feet of air per minute, find, in the 
fh-Ht cob linn, the temperature corresponding to that of the 
external air ; and at the top of one of the other columns find 
the t(inip(;ratnre at which the room is to be maintained; then, 
in this latter column, and on the line which corresponds with 
tl»e «xt(ji7ial temperature, the required number of feet of pipe 
will })0 found. 

(107.) If the building which it is designed to 
wann is ro(iuircd to be used only during the day. 
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the air, in this part of the country at least, is scarcely 
likalytO be below 25**; but if — as for a forcing- 
house, fior instance — ^it is required to be heated both 
by day and by night, then, perhaps, 1 0* will not be 
too low to calculate from, or 22** below the freezing 
point. Suppose, now, we want to calculate the 
quantity of pipe required to heat a forcing-house to 
75" in the coldest weather — which we will assume 
to be 10** of Fahrenheit's scale, or 22° below freezing. 
We have already seen (Art. 101 — 105) that the 
quantity of heat required for horticultural buildings 
is merely so much as is necessary to replace the 
heat given off; or, in other words, to compensate 
for the loss sustained by the glass. The actual 
cubic measurement of the house signifies nothing 
in this case ; it is the glass alone which gives off 
any appreciable heat ; and therefore whatever quan- 
tity of pipe will compensate for this loss of heat 
by the glass, will also warm the house in the first 
instance, and maintain it at the required temperature 
afterwards; because, until the air of the house is 
heated to its maximum temperature, the glass will 
cool proportionally less air, the cooling power of the 
glass being obviously exactly proportional to the 
difference between the internal and external tem- 
perature. The pipe, therefore, gives off more heat 
to the air in the earlier stages of the operation than 
the glass transmits by radiation to the external 
atmosphere; and this difference in the effect is 
actually the rate at which the building becomes 
heated ; and the increase of the temperature of the 
building continues, until the radiating power of the 
glas^ exactly balances the heat given off by the 
pipes ; and the heat given off Ijy the pipes, it may 
be observed, constantly decreases, while the cooling 
power of the glass increases with every addition to 
the temperature of the internal air. We see then 
that by knowing the surface of glass in such a 
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building, we can estimate the quantity of pipe that 
will heat it. For suppose the house has 800 square 
feet of glass: we find (Art. 105) that every square 
foot of glass cools one and a quarter cubic feet of 
air per minute, as many degrees as the internal 
exceeds the external temperature. If therefore (as 
we have supposed in this case) the external tem- 
perature is 10°, and the internal temperature is 
required to be 75°, then 800 square feet of glass 
will cool 1000 cubic feet oi a\r per minute from 75° 
down to 10°. By the Table, then, in the column 
mM"ked 75°, and on the line marked 10° for external 
temperature, we find the quantity 292 ; which is 
the number of feet in length of pipe four inches 
diameter, that are required to heat this 1000 cubic 
feet of air per minute, the required number of 
degrees; and this quantity of pipe, therefore, will 
heat a building having 800 square feet of glass, 
whatever the actual size of the building may be. 
And whenever the quantity of air to be heated per 
minute is either greater or less than 1000 cubic 
feet (or, in other words, when the quantity of glass 
is greater or less than 800 square feet), then the 
proper quantity of pipe will be obtained by the rule 
of proportion, as already stated (Art. 106). 

(108.) This rule will not, however, give the 
length of time required to heat any particular 
building. This will, of course, depend upon many 
circumstances ; nevertheless, some approximation 
may be made to the average time required. Sup- 
pose the maximum temperature of the pipe to be 
200°, the water being at 40° before lighting the fiire ; 
then the maximum temperature in horticultural 
buildings will be attained with 

Four-inch Pipes, in about four and a half hours. 
Three-inch Pipes, in about three and a quarter hours. 
Two-inch Pipes, in about two and a quarter hourg. 
But if a larger quantity of coal than that given by 
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thft'Tafe^ be used— if the surfece of the boiler be 
much increased in proportion to the length of pipe 
— -if the quantity of pipe used be excessive — or the 
tempe*rattire of the external air is higher than the 
ei^dmated amount, then, in each of these cases, the 
time required for heating will be less. But if, oh 
the contrary, the required temperature be not 
attained in the time given above, then, either too 
small a quantity of pipe, too small a surface of 
boiler>or too small a quantity of coal has been 
used. 

It should, however, be observed, that although 
the maximum temperature will not be reached, at 
an average, in less time than is above stated, still 
the requir^ temperature will very often not take 
longer than half, or two-thirds of this time, to be 
attained ; because the quantity of pipe being always 
apportioned to meet the case of extreme cold, when 
the external temperature is above that extreme 
limit, the pipe, by being superabundant, will warm 
the same space in a shorter time, 

(109.) These calculations, however, will only 
apply to those cases where, in consequence of the 
cooling surfaces being very large, the proportion of 
pipe is considerable, relatively to the actual dimen- 
sions of the building. Wherever the cubical content 
of the building is large in proportion to its cooling 
surfaces, the time required to raise its temperature 
will be greater than is above stated ; and this will 
be found to vary greatly in different descriptions of 
buildings. Churches and other large buildings 
(which only require a small heating surface rela- 
tively to their cubic contents) will generally require 
the longest time to heat; dwelling-houses will 
require a shorter time, and horticultural buildings 
the shortest of all. The length of time above esti- 
mated only applies to the latter description of 
buildings; for the other kinds of buildings the 
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and windows/and only moderate ventilation, divide 
the cubic measurement of the building by 200, and 
the quotient will be the number of feet in length of 
pipe, four inches diameter, that will be required to 
produce a temperature of about 55** in very cold 
weather.* This is equivalent to allowing five feet 
of four-inch pipe for every thousand cubic feet of 
space which the building contains. If the appa- 

* GhoTches and other buildings for containiDg large assem- 
blages of people, ought never to be heated to a very high tem- 
perature, on account of the great quantity of animal heat given 
off in crowded congregations. It has been ascertained by calcu- 
lations founded on the amount of oxygen consumed, that a man 
generates a quantity of heat in 24 hours sufficient to raise 63 lbs. 
of water from the freezing to the boiling point. Of this quantity, 
as much heat is expended in forming the vapour that passes off 
by perspiration and by tran^iration from the lungs, as would 
heat about 364 ^^ ^^ water 180° ; and the remainder of the 
heat, which is equal to raising the temperature of 26^ lbs. of 
water 180*, passes off by radiation from the body. {Quetele^s 
PhUowphy, Art HeaL) Now these results, if reduced to the 
same standard that hais been adopted in the preceding calcula- 
tions, will lead to the conclusion that as much heat is given off 
per minute from the body of an adult man, as would be produced 
by an iron pipe four inches diameter and three-and-a-half feet 
long, filled with water at 200^ This estimate, however, in 
practice, would be found too high ; for on such occasions, there 
being generally no muscular exertion, less heat is produced, and 
also the increased temperature of the surrounding medium 
would prevent its free radiation. For, as all bodies only give off 
heat in proportion to their excess of temperature, the human 
body being constantly at the temperature of 98% nearly twice 
as much heat would be given off (if the body were freely ex- 
poeed) when the surrounding medium is at 50", as would be the 
case if the latter were raised to 70^ It is found also, that on 
sn average, women only consume about half as much oxygen aft 
men (Combe's Principles 0/ Physiology, 4th edition, p. 222), and 
therefore they can only produce half as much heat ; the con- 
sumption of oxygen always being proportional to the heat 
generated. From these facts it will appear that not only should 
buildings, such as those we a^gp now considering, not be too 
hi^y heated, but that the pipes should be moderately small in 
<]iameter,' in order to allow of the temperature being more 
easily lowered when the building is filled with people. 

l2 



» 4.aML 






r ^ 






«- ■ % 



• ■• • 






T*— - • 



v: . . . 



*■ ■ ' ..*»-- •< ^ ■ , _ * ~ ~ * 

»,r,^ / .-.tA 'i. '.'!': ^^«: /■-:-. ..:.r. 2 /lAr.-.i-v r t ^-jt,:.. This plan dc^H 

c/. /'. .1, » ^.i «.N ffu\tM A *ii -^V-I V tLetr: aiiao-st anv case inat can arise. ^ 



/ 



S 



FOR WARMING BUILDINGS. 117 

temperature of about 65°. To raise the tempera- 
ture to 70% will require about 12 to 14 feet of 
four-inch pipe. ' 

Halls, Shops, Waiting-rooms, etc., will require 
about seven to eight feet of four-inch pipe to every 
thousand cubic feet of space, to raise the tempe- 
rature to about 55** to 60*". 

Work-rooms, Manufactories, etc., where a tem- 
perature of about 50° to 55" only is required, will 
generally be suflSciently heated by five to six feet of 
four-inch pipe for every thousand cubic feet of 
space they contain. 

Green-houses and Conservatories, requiring a 
temperature of about 55*" in the coldest weather, 
must have 35 feet of four-inch pipe for each thou- 
sand cubic feet of space they contain. 

Graperies and Stove-houses, requiring a tem- 
perature of 65** to 70° in the coldest weather, will 
require 45 feet of four-inch pipe for each thousand 
cubic feet of space ; and if a temperature of 70*" to 
75"* is required, 50 feet of four-inch pipe must be 
allowed for each thousand cubic feet of space. 

Pineries and Hot-houses, requiring a tempe- 
rature of 80% must have about 55 feet of four-inch 
pipe for every thousand cubic feet of space the 
house contains. 

The quantity of pipe estimated in this way will 
only suit for such buildings, whether horticultural 
or otherwise, as are built quite upon the usual plan 
and of the ordinary proportions ; for, if they vary 
much fi-om the most ordinary construction, these 
rules wHl not be accurate, and the method given in 
the former part of this chapter should then be 
employed. 

(112.) Although these calculations are all made 
on the supposition of using pipe of four inches 
diameter as the heating surface, it is by no means 
intended to recommend that as the best size for aU 
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QlA-TriTT or COAL 

For all horticoltotal porposes it is Ae 
vbere it can be used; but for most other 
purposes, smaller pipes, or even other fbnns c£ 
heating surfaces, mav genernnr be more advan- 
tageously employed- If the pipes used are only 
three inches diameter, we must add one-third to 
the quantities here given ; and if pipes of two inches 
diameter are used, double the quantitj" will be 
required. 

(113.) It should here be mentioned, that the 
calculations for the quantity of pipe required for 
horticultural buildings have been made with a view 
to the most economical mode of effecting the 
desired object. Some of the most successfiil hor- 
ticulturists, however, have adopted the plan of 
using a much stronger heat in their forcing-houses, 
and allowing, at the same time, a much greater 
degree of ventilation than usual. This plan is 
stated to produce a finer fruitage ; but it will only 
be obtained at an increased cost in the apparatus, 
and by a larger expenditure of fiieL Where 
economy is not required, it may perhaps be desir- 
able to adopt this plan ; and then the quantity of 
pipe which is used, must be proportionally increased 
above the estimates which are given in this chapter. 

(114.) The quantity of coal necessary to supply 
any determinate length of pipe is easily ascertained, 
from the data given in Art. 229. After the water 
in the pipes is heated to its maximum, the quantity 
of coal consumed is, obviously, just what is required 
to supply the heat given off from the pipes. Now, 
by Art. 98, we find that when pipes four inches 
diameter are HG-S" hotter than the air of the room, 
the water contained in them loses exactly 1" per 
minute of its heat. By Art. 94, we find that 1 lb. 
of coal will raise the temperature of 39 lbs. of 
water 180°; therefore, as 100 feet in length of four- 
inch pipe contains 54i lbs. of water, it will require 
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13*9 lbs. of coal to raise the temperature of this 
quantity of water 180°. If, therefore, the water 
loses 1° of heat per minute, or 60" per hour, this 
quantity of coal will supply 100 feet in length of 
pipe, for three hours, if its temperature continue 
constant with regard to the air of the room. On 
this principle the following Table has been con- 
structed. The temperature of the pipe is assumed 
to be 200°: then, knowing the temperature of the 
room, if we take the difference between the tempe- 
rature of the pipe and that of the room, by looking 
in the Table for the corresponding temperature, we 
shall find under it the number of pounds weight, of 
coal which will be required per hour for every 100 
feet in length of pipe, in order to maintain the 
stated temperature. Thus, suppose the pipe to be 
foxir inches diameter, and its temperature 200°, 
while the room is at 75°, then, under the column 
beaded 125° (which is the difference between these 
two temperatures), we find 3'9 lbs. as the quantity 
required per hour for every 100 feet of pipe. The 
quantities stated in the Table are given in pounds 
and tenths of a pound. 

Table V. 

Table of the Qoautit; of Coal used per Hour, to heat 100 Feet 
in length of Fipe of different Sizfs. 
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(115.) It should, however, be borne in mind, 
that an apparatus will not always consume the same 
quantity of coal ; in fact, it will seldom require near 
80 much as the Table shows, because that is the 
calculation for the maximum effect. Suppose the 
quantity of pipe in a room has been accurately 
calculated, in order to maintain the temperature at 
75° when the external air is at 30°, the consumption 
of coal for pipes of four inches diameter will then 
be 3'9 lbs. per hour for every 100 feet of pipe. 
But should the external temperature now rise to 
40°, 77 feet of pipe would produce the same effect 
as 100 feet would in the former case ; therefore the 
pipe must be heated to a lower temperature ; and 
it will be found by calculation, that only 3 lbs. of 
coal would be used, instead of 3'9 lbs. As much 
coal, therefore, as would supply 77 feet of pipe at 
the maximum temperature, would suffice for 100 
feet at this reduced temperature. The quantity of 
ftiel which is consumed will, therefore, be continu- 
ally subject to variation, as it will alter with the 
temperature of the external atmosphere; and, in 
general, the average quantity of coal required will 
be fully one-third less than the amount given in the 
Table. 

It is almost unnecessary to observe that, in cal- 
culating this Table, it has been assumed that the 
boiler and furnace are of good construction ; for on 
no other basis could an estimate be formed. Very 
great differences, however, exist in this respect; 
and for such cases no estimate whatever can pos- 
sibly be made. 



CHAPTER VII. 

Various Modifications of the Hot-water Apparatus — KewleyV 
Syphon Principle — The High-pressure System — Eckstein 
and Bushby's Rotary Float Circulator — Fowler's Thermo- 
syphon — Price's improved Hot-water Boxes — Rendle's Tank 
System — Corbet t's Trough System for Evaporation — Theory 
of Evaporation. 

(116.) Under the common and generic term of 
''hot-water apparatus" various plans have been 
brought forward by different inventors, which, 
though essentially different in some of their features 
from those that have been already described, are, 
nevertheless, merely modifications of the general 
principles that have been explained. In the pre- 
sent chapter some of these peculiar modifications 
of the invention will be investigated: and it will 
appear, that the original principles of all are the 
same, but that other of the fiindamental laws of 
Nature are here brought into action conjointly with 
those that we have already examined, and give rise 
to an apparent diversity of operation, 

(11 7-) The first notable invention of this sort 

which shall be mentioned, is Kewley's syphon 

j,j^ g^ principle. The sketch, 

fig. 34, shows this appa- 
ratus in its simplest form. 
The boiler is open at the 
top, and the two pipes 
dip into the water ; the 
pipe A descending only a 
very short distance be- 
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low the surface, and the pipe b reaching nearly to 
the bottom of the boiler. A small flexible metal pipe 
x, is attached to the highest part of the pipes. To 
this an air pump is connected, and the air in the 
pipes being exhausted by this means, the atmo- 
spheric pressure forces the water up the pipes and 
fills them completely. This avoids the necessity 
of having a reservoir of water higher than the top 
of the boiler; for it is well known, that the usual 
atmospheric pressure is capable of raising a column 
of water in a vacuum to about 30 feet in height, 
varying, however, with the degree of pressure 
shown by the barometer. 

The water in the longer pipe b will acquire a 
preponderance of weight over that in the pipe a, 
even if it be at first of an equal temperature and 
density ; because the pipe b only receives the par- 
ticles of hot-water which rise immediately under 
its base, while the other receives the heat fVoni all 
parts of the bottom as well as the sides of the 
boiler ; the water on the top being hotter than 
that at the bottom. But as soon as the water cir- 
culates through the pipes, it parts with its heat, 
and the whole length of the pipe b will then be 
colder than the pipe a, and the water will descend 
through B with greater force. 

In consequence of the long pipe b being sur- 
rounded by the hot-water in the boiler, the water, 
while descending through it, receives a small por- 
tion of heat, which lessens the difference of tem- 
perature of the two pipes, and reduces the velocity 
of the circulation. It appears probable, therefore, 
that additional velocity of circulation would be 
gained by placing the descending pipe b outside 
the boiler, and attaching it to the side in the same 
manner as the return-pipe in fig. S. The prin- 
cipal inconvenience attending this would be the 
difliculty of stopping the ends of the two pipes a 
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and B, which is now done by the simple contri- 
vance of a plate screwed moveably to the base of 
each of the pipes, by means of an external rod 
passing over die pipes a and b, with a screw 
attached on the top ; and by tm'ning this the plate 
is drawn up into close contact with the end of 
the pipe. This completely stops the water when 
necessary — ^the ends of the pipes being tmned true 
to the plates, to make them water tight — and by 
reversing the action of the pump, attached to the 
pipe X, and thus making it into a force pump, the 
soundness of the joints can then be ascertained. A 
leaky joint is difficult of detection by any other 
means, as there is no emission of water from it in 
the usual way ; and as the only immediate conse- 
quence of a leaky joint is the immission of air, it is 
not observable except by its stopping the circula- 
tion of the water, which occurs by the air accu- 
mulating and cutting off the connection of the 
water between the two pipes. 

If this plan of having the return-pipe placed out- 
side the boiler were found to increase the motive 
power of the apparatus, an advantage would be 
gained in all those cases where the pipes are re- 
quired to pass under a doorway ; because, in all 
such cases, the boiler for this apparatus must be 
set much fiuiher below the level of the floor than 
is required for the common hot-water apparatus. 
But by increasing the motive power, a less height 
would be sufficient: and it would therefore pre- 
vent the inconvenience sometimes found to attend 
this particular form of the apparatus, arising from 
the great depth the fiimace is required to be sunk 
beneath the level of the pipes, in consequence of 
the very large size of the boiler which is gene- 
rally used. 

(118.) A singular fact is connected with this 
invention, which deserves notice, because it arises 
from a philosophical principle, which, in some 
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other instances, has been applied in a most useful 
manner ; • though, with this particular invention, 
it is rather disadvantageous than otherwise. It 
has already been stated, that the height to which 
the water will rise in a vertical column, by the 
atmospheric pressure, is about 30 feet above the 
boiler. Supposing this to be the extreme limit to 
which the water will ascend in the pipes, the 
slightest elevation above this will cause a vacuum 
to be formed, similar to that at the top of a baro- 
meter, and the water at the top of the pipe mil, in 
this case, be without any pressure. But if, instead 
of 30 feet, the pipe be continued upwards only 1 5 
feet, then tlie pressure on the water, in the upper 
part of the pipe, will be 7t lbs, on the square inch, 
— or half the usual atmospheric pressure ;■ — and so 
on for other heights. Now, the boiling point of 
all hquids varies with the pressure. Water boils 
at 212", under the mean pressure of 15 lbs. per 
square inch ; but by reducing the pressure, it boils 
at a lower temperature ; so that, at half the 
mean pressure of the atmosphere, it boils at about 
186°. Suppose now that the pipes just described, 
rise 30 feet above the boiler, the water at the top 
will boil at the temperature of 161", and will form 
Bteam in the upper part of the pipe ; and this, by 
its great expansion, will force the water down and 
overflow the boiler or the supply cistern. For, at 
the ordinary pressure of the atmosphere, steam 
occupies about 1,700 times as much space as the 
water from which it is formed, and still more at a 
diminished pressure ; its expansion being inversely 
as the pressure. When the pipes rise to other 
heights above the boiler than that described above, 
the boiling points will be as follows : — 

* The boiling of liquids in vatmo is well known, and has been 
moat estenaively applied in many cases. The boiling of sugar 
in vacuum pans is one of the most succensM applications of 
Boience to the arte which modei-n times have produced. 
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At 6 feet high, the boiling point will be 203* 

10 195- 

15 186« 

20 178» 

•25 169* 

30 161* 

therefore the water in the boiler must always be 
kept below these temperatures, according to the 
height to which the pipes ascend.* 

This pecidiarity, which apphes only to pipes on 
the syphon principle, is more a philosophical fact 
than a practical diflficulty ; for the water can gene- 
rally be kept at a temperature sufficiently low for 
any ordinary height that is required. And, in fact, 
the boiling point will generally be higher than the 
temperatures here stated ; because a small portion 
of air always remains in the pipes, which increases 
the pressure on the water, and makes the boiling 
point higher than the calculated amount. This 
form of the apparatus answers the intended pur- 
pose when worked with care, and is a very inge- 
nious apphcation of scientific principles : but it 
requires more care in working than the ordinary 
apparatus, and is now comparatively but httle 
used. 

* These calculations are made by Wollaston's rule for his 
thermometric barometer. But this rule, although accui*ate at 
moderately small differences of pressure, becomes erroneous at 
considerable reductions of pressure. Professor Robison esti- 
mates the boiling point of water, i/n va<mo, at only 88**, instead 
of 161", which the above calculation shows ; and it is probable 
that the relative propoi-tion between the pressure and the 
boiling point is in a logarithmic ratio, instead of the common 
arithmetical proportion of Wollaston's rule. This, in fact, is 
found to be the case at temperatures above 212**. But it is pro- 
bable that, in the present case, Wollaston's rule will give a 
more accurate result than the other ; because, as the vacuum in 
the pipes cannot be at all perfect, the boiling points will be 
much higher than the calculated temperature ; perhaps even 
higher than stated in the text. See Robison's Mechanical 
Fhiloaophy, vol. ii., pp. 22 — 37 ; and Wollaston on the Ther- 
mometric Barometer, Philosophical Transactions, 1817, p. 183. 



(119.) The next invention which we shall con- 
sider is the High Pressure hot-water apparatus.* 
This apparatus consists of a coil of small iron pipe, 
built into a furnace, the pipe being continued fi'oni 
the upper part of the coil, and passes round the 
room or building which is to be warmed, forming 
a continuous pipe when again joined to the bottom 
of the coil. The diameter of this pipe is one inch 
externally, and half an inch internally. A large pipe, 
of about two and a half inches diameter, is con- 
nected in some part of the circulation, either hori- 
zontally or vertically, with the small pipe, and is 
placed at the highest point of the apparatus. This 
large pipe, which is called " the expansion pipe," 
has an opening near to its lower extremity, by which 
the apparatus is filled with water, the aperture being 
afterwards seemed by a strong screw; but the 
expansion pipe itself cannot be filled higher than 
the opening just named. After the water is intro- 
duced, the screws are all securely fastened, and the 
apparatus becomes then hermetically sealed. The 
expansion pipe, which is thus left empty, is calcu- 
lated to hold about rj as much water as the whole 
of the small pipes ; this being necessary in order 
to allow for the expansion that takes place in the 
volume of the water when heated, and which, other- 
wise, would inevitably burst the pipes, however 
strong they may be. For the expansive force of 
water is almost irrepressible, in consequence of its 
possessing but a very small degree of elasticity ; and 
the increase which takes place in its volume, by 
raising the temperature from 39° (the point of 
greatest condensation) to 212°, is equal to about 
Tj part of its bulk, and at higher temperatures the 
expansion proceeds still more rapidly .f 

• Repertory of Arts, etc, vol. xiii (1832), p. I2D. 
t See Table IV. Appendix. The force which would bo exerted 
on tbe pipes by this exitanaion of ^ of the volume of the water. 



THE HIGH-PRESSURE SYSTEM. 127 

The temperature of these pipes, when thus ar- 
ranged, can be raised to a very great extent ; for 
being completely closed, and all communication cut 
off from the atmosphere, the heat is not limited, as 
usual, to the point of 212% because the steam which 
is formed is prevented from escaping, as it does in 
the common form of hot-water apparatus. The 
most important consideration respecting it, how- 
ever, is the question as to its safety; for most 
persons are aware that steam, when confined beyond 
a certain point of tension, becomes extremely dan- 
gerous ; and in this apparatus the boundary of 
what has hitherto been used in other cases is very 
far exceeded. 

(120.) On the first introduction of this plan, it 
was usual to make the coil consist of one-fourth 
part of the total quantity of pipe which was used 
in the apparatus ; and it was considered that, when 
this proportion was observed, the heat of the pipes 
could not be raised so high as to endanger them by 
bursting. But in practice this has not always 
proved a preventive to accident, even when the 
proportion which the coil bears to the radiating 
surface is much smaller than is here mentioned.* 

The average temperatmre of these pipes is stated 
to be generally about 350** of Fahrenheit. But a 
most material difference of temperature occurs in 
the several parts of the apparatus, the difference 
amounting sometimes to as much as 200** or 300**. 
This arises from the great resistance which the 

would be equal to 14,121 lbs. per square inch, according to the 
experiments of Professor CErstead. Report, British Scientific 
Association, vol. iL, p. 353. 

* The specification to the patent for this invention states, that 
when the radiating surface is three times that of the coil, the 
pipes cannot burst. It, has, however, been found necessary 
greatly to increase the proportion of radiating surface, in order 
to prevent the bursting by excessive pressure ; and the radiating 
sui^ace is now frequently made te7i times that of the coil in the 
furnace. 
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water meets with, iu consequence of tlie extremely 
small size of the pipes, and also from the gre^ 
nmiiber of bends, or angles, that of necessity occur,, 
in order to accumulate asufficient.quantity of pipe. ' 
In tliese angles, the bore of the pipe, aheady ex-ft i 
tremely small, is still further reduced, which causes i 
the water to flow so very slowly, that a great por^ 
tioQ of its heat is given out long before it has 
circulated round the builduig which is to be warmed. 
The temperature of the coil, however, is what we : 
must ascertain, if we wish to know the pressure this 
apparatus has to sustain, and thence to judge of its 
safety: for by the fundamental law of tlie equal 
pressure of fluids, whatever is the greatest amomrti i 
of pressure on any pait of the apparatus m'astolBQ.i 
be the pressure on every otlier part. , iniii 

(121.) Now the temperature of tliis apparatus as . 
found to vary not only vdth the intensity of th* : 
heat of the funiace, but also with the proportioa ; 
which the surface of the coil hears to the swlace of ; 
the pipe which radiates the heat. In some appara-r , 
tus, if that part of the pipe which is immediately 
above the furnace be filed bright, the iron will be^- t 
come of a stiaw colour, which proves the tempera^ : 
ture to be about 450°.* In other instances it will i 
become purple, which shows the temperatiue to be,; 
about 530° ; wliile, in some cases, it will become trf i 
a full blue colour, which proves that the tempera- , 
ture is then 560°. By this means the pressure oa. . 
the pipes may be known ; for, as there is always 
steam in some part of the apparatus, the pressure , 
may be calculated so soon as the teniperatui^e is 
ascertained. By referring to Table I. m the Appen- ■ 
dix, we shall find that a temperatiu-e of 450° produces 
a pressure of 420 lbs. per square inch, while a I 
temperature of 530" makes the pressure 900 lbs. ; , 
and when it reaches 560°, the pressure is then 
1150 lbs. per square inch. 

* See Table VI. Appendix. 
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(122.) Those who are acquainted with the work- 
ing of steam engines, are aware that a pressure of 
three or four atmospheres is considered as the 
maximimi for high pressiu'e boilers: but we see 
that in this apparatus the pressure varies from ten 
times to twenty times that amount. And it will 
also be borne in mind, that, in consequence of the 
extremely small quantity of water used in these 
pipes, the slightest increase in the heat of the 
ftimace will cause an immediate increase in the 
pressure on the whole apparatus. For it appears, 
by a reference to the Table last mentioned, that if 
the temperatiye of the pipes be increased 50^ above 
the amount before stated, the pressure will be raised 
to 1800 lbs, per square inch ; and by increasing the 
temperature 40** more, the pressure will be imme- 
diately raised to 2500 lbs. per square inch ; so that 
any accidental circumstance, which causes the 
furnace to bum more briskly than usual, may, at 
any moment, increase the pressure to an immense 
amount.* 

(123.) The pipes which are used for this appa- 
ratus are stated to be proved with a pressure of 
2800 lbs. per square inch.f This is very probable : 
for as wrought iron, of the best quahty, requires a 
longitudinal strain of 55,419 lbs/ to break a bar one 
inch square; so the force necessary to break a 
wrought iron pipe, of one-inch diameter externally, 
and half-an-inch diameter internally, would be 

* This increased pressure is also extremely likely to occur in 
tliis apparatus when a portion of the pipe is occasionally shut 
off by means of cocks or valves. In this case the coil in the 
furnace becomes too powerful for the apparatus, and an explo- 
sion is then very likely to occur, unless the utmost caution be 
observed in regulating the fire. This source of danger is pecu- 
liar to the high-pressure system of heating, and does not at all 
apply to any of the other plans which have been described. 

f As pipes are always proved when they are cold, this does 
not at all show the strain they will bear when heated. On this 
subject see the following Note. 

K 
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13,852 lbs., which is equal to 8822 lbs. per square 
inch on the internal diameter. But, on account of 
the strain on these pipes being transverse to the 
grain of the iron, and also in consequence of the 
welded joint of the pipe not being so strong as the 
solid metal, these pipes will not bear anything like 
tiie calculated amount of pressure. It is evident, 
however, that no ordinary force can burst thera ; 
but, as this castialty does sometimes occur, this 
great strength of the materials proves the impossi- 
biUty of regulating the temperature in hennetically 
sealed pipes, so as to keep the expansive force of 
the steam within even this immense Umit. 

(124.) Although this description of apparatus has 
been erected by many different individuals, possess- 
ing various degrees of mechanical knowledge, and 
severally performing their work with different 
degrees of excellence, much uniformity appears in 
the result, in those cases where failure has occurred. 
From a comparison of a number of cases where 
accidents have happened to apparatus erected on 
this system, more than one-half have arisen from 
the bursting of the coil, notwithstanding the in- 
creased size of the expansion pipe renders this latter 
apparently the weakest part of the apparatus ; the 
relative strength of pipes, with the same thickness 
of metal, being inversely as their diameters. 

(125.) The cause of the explosions occurring 
principally in the coil, is owing to the iron becoming 
weaker in proportion as its temperature is raised; 
so that, as the pressure increases, the iron decreases 
in strength to resist the strain.* Another circum- 

* The temperature of maximum atrength for cast iron has 
teen estimated at about 300°; but the " Comioittee on the 
Explosion of Steam Boilers," appointed by the Franklin Insti- 
tution, consider that the maximum for wrought iron is higher 
than this, and that £72" may be ooDsidered as the temperature 
of maximum strength. After the teroporatare of maximum 
strength is oiice iiasscd, the decrease in the strength of wrought 
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stance also tends to produce the same effects. It is 
Ibund^ on breaking one of these pipes, after it has 
been used for some time in or near the fire, that the 
iron has lost its fibrous texture, and that it presents 
a crystallized appearance, similar to what is known 
as *' cold short iron," This singular change in the 
texture of iron has been noticed in other instances, 
Mr. Lowe {Report^ British Scientific Association, 
1834) has found that wrought iron at a red heat, 
exposed to the steam of water for a considerable 
time, becomes crystallized; and in many other 
instances also, even without the presence of steam, 
the same effect has been observed. The cause of 
this phenomenon has not been clearly ascertained ; 
but, whatever it may be, the effect undoubtedly is 
to weaken the tenacity and cohesive strength of the 
metal to a very great extent.* 

(126.) But we shall find that, enormous as the 
pressure appears to be, with which these pipes are 

iron is considerable : at a red heat, or about 800©, it loses about 
one^fifbh of its strength. The maximum strength of copper, 
on the contrary, is at a very low temperature ; for the strength 
increases with every reduction of temperature down to 32", 
which is the lowest that has been tried. See Chaper IX., 
Art. 224 and 225. 

* The author, in a paper which was read before the Institution 
of Oiyil Engineers (Minutes of the Institution, June, 1842), 
endeavoured to trace the cause of the extraordinary change 
which iron undergoes in these and some other circumstances. 
Percussion at certain high temperatures produces an instanta- 
neous change j and at lower temperatures, longer continued 
percnuision produces the same effect. Heating and rapid cooling 
likewise produce crystallization ; and, in every case, magnetism 
appears to accompany the phenomena ; but whether as cause, 
or effect, is not easy to determine. The subject is altogether of 
great interest, both in a practical and in a scientific point of 
view ; and experiments on a large scale are in progress in order 
to determine the question. Other metals besides iron are, pro- 
bably, to some extent, affected in a similar manner ; and it is 
probable that, under certain circumstances, spontaneous change 
in the molecular structure of iron occurs, though far more slowly 
than by the action of percussion and heat. 

K 2 



proved, it is not adequate to the working pressure 
which they sometimes have to rewst. It has been 
ascertained, tliat the strength of wrought iron 
decreases considerably at temperatures above 572", 
and as it also loses a great deal of its strengtli when 
it assumes the crystallized state, varying with the 
circumstances, and sometimes amounting to three- 
fourths of its original strength, it will appear that 
the proof pressure, when cold, for pipes which are 
to be used in this kind of apparatus ought, in iaot> 
to be much greater than the amount to which they 
are actually proved ; and hence the cause of these 
pipes bursting after they have been in use for some 
considerable time, if they happen accidentally to 
get heated to very high temperatures. 

(127.) The question has sometimes been askec^ 
What would be the efTect on this apparatus, if the 
expansion-pipe were to be filled with water, as well 
as the small circulatory pipe 1 The almost imme- 
diate consequence would be, the bursting of the 
pipes ; for scarcely anything can resist the expan- 
sive power of water. The force necessary to resist itg 
expansion, is equal to that which is required for its 
artificial condensation. Now, at tlie temperatiure of 
386°, water expands rather more than tt of its bulk; 
and, to condense water this extent (Note, Art. 12), 
requires a pressure of 27,1 04 lbs. per square incU; 
therefore, in an apparatus containing 800 feet of 
pipe, the bursting pressiue at this temperature, on 
the circulating and expansion pipe togeUier,* would 
be 417>022,144lbs. I But, as nothing could resist 
such a force as this, the apparatus would burst 
before it reached even a fi-actioual part of this im- 
mense amount. For if the pipes were filled com- 
pletely full of cold water, without allowing any 

* The strain being an exjmnsive force from within, Hie 
preteure is only exerted on the inside measurement of iti>e 
piptM. . I II 
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room for expansion, and if they were then herme-. 
ticaily sealed, as before described, by increasing 
the temperature of the water only about 60°, the 
expansion of the water would cause a pressure of 
2000 lbs. per square inch on eyery part of the 
apparatus, reckoned by the internal measurement. 
(128.) The assertion has often been made, that 
the heated fluid contained in an apparatus con- 
structed on this plan will not scald, even if the 
pipes should chance to burst, because hig/i-j/ressure 
steam, it is well known, is not injurious in this 
respect. But this is quite a mistaken notion ; for 
high-pressure hot-water will scald, though high- 
pressure steam wiU not ; and tlie fluid which would 
issue through any fissure tliat might occur in these 
pipes could only be partially converted into steam, 
unless its temperature were at least 1200". Tliis 
is obviously impossible ; but were it the case, the 
water would be all converted into steam the instant 
that it issued from the pipe. The reason that high- 
pressure steam does not scald, is in consequence of 
its capacity for latent heat being gi-eatly increased 
by the high state of rarefaction it instantaneously 
assumes when suddenly liberated : this lowers its 
sensible temperature, and causes it to abstract heat 
from everything that it comes in contact with. The 
scalding effect of high-presaiu-e hot-water, on the 
contrary, when suddenly projected from a pipe or 
boiler by explosion, will always be the same, what- 
ever its temperature may be, while confined within 
the pipe ; for, the instant it is liberated, a portion 
of it is converted into steamy and the remainder 
sinks to the temperature of about 2 1 2°. 

(129.) Among the advantages which have been 
Supposed to arise from the use of this invention, it 
has been imagined, that in consequence of the 
quantity of water which the pipes contain being so 
small, the consumption of coal would be less with 
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this than with any other description of hot-water 
apparatus. We have seen, however (Art. 114), 
that the quantity of coal which is used, is in pro- 
portion to the heat that is given off in the room 
that is wamied ; and a reference to the Table 
(Art. 1 1 4), will show that the size of the pipe makes 
no difference in the consumption of coal per hour 
— provided the same effect is required to be pro- 
duced—the only difference being in the length of 
time required to warm the water in the first in- 
stance. But there will, on the contrary, be a 
greater expenditure of fuel in this apparatus, in 
consequence of the coil affording less surface for 
the fire to impinge against, than would be obtained 
by using a boiler. In addition to this, the colder 
any surface may be when exposed to the action of a 
fii-e, the more heat Will it receive in a given time; 
therefore, as the heat of these pipes is nearly three 
times as great as that of a boiler, there must be a 
considerable waste of fuel from this cause. 

(130.) In consequence of the intense heat of 
these pipes, it is sometimes found that rooms which 
are heated by them, have the same disagreeable 
and unwholesome smell which results from the use 
of hot-air stoves and flues. In reahty, the cause 
is the same in both cases ; for it arises partly from i 
the decomposition of the particles of animal and 
vegetable matter that continually float in the air, 
and partly from a change which atmospheric aJr 
undergoes by passing over intensely heated metallic 
surfaces.* From some experiments recorded in 
the " Philosophical Transactions" of the Royal So- 
ciety ,f made with a view of ascertaining the effect 

* The exact nature of this change which the air undergoes 
has not beeu aacertaineili but whatever be the chemical altera- 
tion which occurs, a. physical cliange undoubtedly takes place, 
by which its electrical coniiition is altered. 

t " PhiloBopluoal Transactions," toL xxviL, p. 199. 
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produced on the animal economy by breathing air 
which has passed through heated media, it appears 
that the air which has been heated by metaUic sur- 
faces of a high temperature must needs be exceed- 
ingly unwholesome. A ciu-ious circumstance is 
related in reference to these experiments, which is 
illustrative of this fact : — 

** A quantity of air which had been made to pass 
through red-hot iron and brass tubes, was collected 
in a glass receiver, and allowed to cool. A large 
cat was then plunged into this factitious air, and 
immediately she fell into convulsions, which, in a 
minute, appeared to leave her without any signs of 
life. She was, however, quickly taken out and 
placed in the fresh air, when, after some time, she 
began to move her eyes ; and, after giving two or 
three hideous squalls, appeared slowly to recover. 
But on any person approaching her, she made the 
most violent efforts her exhausted strength would 
allow, to fly at them, insomuch that in a short 
time no one could approach her. In about half an 
hour she recovered, and then became as tame as 
before." 

(131.) The high temperature of these pipes, and 
the intensity at which the heat is radiated from 
them, have sometimes been urged as an objection 
against this invention, when applied to horticultural 
purposes; because any plants which are placed 
within a certain distance of them are destroyed. 
Although, no doubt, this effect really takes place, 
it can be easily avoided with proper care ; for, as 
radiated heat decreases in intensity as the square of 
the distance, it only requires that the plants should 
be placed farther off from these pipes than from 
those which are of a lower temperature. In com- 
paring the effect of two different pipes, if one be 
four times the heat of the other — deducting the 
temperature of the air in both cases — the plants 
must be placed twice as far off from the one as from 
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the other^ in order to receive the same intensity- t}f 
heat fironi each. Tlie onlv inconvenience, tbefe- 
fore, is the loss of room ; which, in some cases, 
may not be of much importance. But a inot*e 

serious objection by fer appears to lie in the inequa- 
lity of temperature which any building heated by 
these pipes must have, in consequence of their 
being so very much hotter in one part than in an- 
other. This difference of temperature between 
various parts of the same apparatus has already 
been stated to amount, in some cases, to as much 
as 200" or 300° ; varying, of course, with the length 
of pipe through which the water passes. From 
what has been stated in Chapter IV,, it will also be 
observed, that owing to the smallness of tbe^ 
pipes, this kind of apparatus cools so rapidly when 
the fire slackens in intensity, that the heat of a 
building which is wanned in this manner will be 
materially affected by the least alteration in the 
force of the fire, instead of maintaining that per- 
manence of temperature which is so peculiarly ■^*e 
characteristic of the hot-water apparatus with large 
pipes. ■ ■■' 

(132.) These inconveniences and objections 
against this apparatus, however, are of but second- 
ary importance in comparison with the question 
which exists respecting its security. But as there 
are no means of regulating the temperature in her- 
metically sealed pipes, so there can be none for 
limiting the prcssiue which they sustain ; and it is 
only by methods far too refined for general use, 
that the real amount of the expansive force can be 
ascertained. An apparatus which to all appear- 
ance, therefore, is perfectly safe at any given timfe 
of inspection, may, in a few minutes afterwards, 
have the pressure so much increased by adventi- 
tious circumstances, as to render it extremely dan- 
gerous, particularly if its management be confided 
to imskilful hands ; and each day that it is used 



THE HIGH-PRESSURB 8YSTB«. 13? 

must Bdd to its insecurity, in consequence of the 

-pqieS which fonn the coil contmually becoming 
tfeinaer bythe action of the fire. The high tempe- 
ratWire qf these pipes has also frequently caused 
inflammable materials to take fire, and repeated 
accidents have occurred in this way. 

(133.) This invention uiidoubtecQy exhibits great 
ijigeajuity ; and could it be rendered safe, and its 

; temperature be kept within a moderate limit, it 
W^ould be an acquisition in many cases, in conse- 
quence of its facile mode of adaptation. Its safety 

:Would perhaps be best accomplished by placing a 

I valve in the expansion-pipe, which, from its large 
size, would be less likely to fail of perfonnance 
thaji one inserted izi the smaller pipe. If this 
f/aWe were so contri\'ed as to press with a weight 

jpfi 135 lbs. per square inch, the temperature of the 
pipits would not exceed 350° in any part ; the pres- 
sure would tlien be nine atmospheres, which is a 
limit more than sufficient for any working apparatus 
where safety is a matter of impoitance. 
■ (134.) A modification of this apparatus was pro- 
posed, and a patent taken out in 1832, by JVIr. 
Holmes, for using oil instead of water.* As fixed 
oils boil only at very high temperatures, it was sup- 
posed there would be no fiability to bursting the 
apparatus, as the temperature could not be raised 
sufficiently high to produce any pressure similar to 
that from steam. The temperature proposed to be 
employed was about 400", but the plan entirely 
failed, in consequence of oil, when exposed to very 
high t^nperatures for any considerable length of 
time, becoming thick and viscid, finally losing its 
fluidity, and becoming a gelatinous mass. Of 
GQurse, imder these circumstances, no circulation 

-«£ the oil could be produced, so as to render the 

-a§^)aratus practically useful. 

^-"''t^'fi^pertory of Arts," etc., vol. xv. (1833), p. 79. 
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(135.) An apparatus of a totally dilierent character 
from tlie preceding follows next to be described. 
It is an in^'ention which, at first, appears to be sin- 
fjidarly at variance with the genera! principles that 
have been laid do«ni in this treatise; but, however 
its mode of action may at first appear to differ 
from tlie principles which have been explained, it is 
certain that if these principles are derived from the 
laws of Nature, they must act equally at all times 
and under all circiunstances ; for the operation of 
the physical laws can never be suspended, though 
they may be occasionally neutralized by a superior 
antagonist force. In the case of two opposing 
forces, the resulting action is propwtional to their 
difference of power ; but when the antagonist force 
is removed, each will act according to its own 
peculiar laws. 

This is the case ^vith the invention now to be 
described. By it, hot water is made to descend to 
any required depth below the boiler — apparently in 
opposition to the law of gravity — while the cold 
^vater will axcend, though of greater specific weight, 
(13(i.) Eckstein and Busby's Patent Ckculator, 
or Rotary Float, is an invention by which cenlrifugal 
force is made to overcome the force of grainty, in 
the circulation of hot water.* The boiler, which is 
either opened or closed at the top, has a pipe, a. 
Fig. 35. attached to its circum- 

ference, which is carried 
in any direction, either 
downwards, or around 
the room to be warmed, 
and finally returns into 
the boiler, and ends ex- 
actly in its centre, as 
shown at b in the an- 
nexed figure. 




" Repertory of Arts," etc. vol xiv. (1832), p. 137. 
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^ The float, or circulator, has motion given to it 
by means of a fly, similar to a smoke-jack, which 
is placed in the chimney, and is turned by the smoke 
of the fire that is used to heat the boiler — ^the float 
being fixed on centres, and revolving fi-eely in the 
boiler. The centrifiigal force imparted to the water 
by the rapid rotation of this float causes it to rise 
higher at the periphery than in the centre of the 
boiler ; and the velocity with which the float moves 
determines the extent of this deviation from the 
leveL The end of the pipe b, being in the centre, 
is then under a less pressure or head of water, than 
the pipe a — the former being, by its position, re- 
moved from the greater pressure at the sides, which 
is caused by the centrifugal force imparted to the 
water by the float, which acts on the pipe a placed 
at the circumference. 

(137.) Suppose now the velocity of rotation to 
be such as to impart a centrifugal force sufficient 
to raise the water one inch higher at the circum- 
ference than in the centre, there will then be a 
pressure of 246^ grains per square inch upon the 
pipe ay more than upon the pipe i, supposing the 
temperature of the water to be about 180*". This 
additional pressure will allow the water in the pipe 
a to descend 42 feet below the boiler, if it does not 
lose more than 6*" of heat before it returns back 
again to the boiler through the pipe b: if it lose 
10^, then it will only descend 25^ feet, and so on 
for other temperatures. Now, as a pipe four inches 
diameter loses '817 of a degree of heat per minute 
when its temperature is 120*" above that of the 
room (Art. 229), this pipe may be of as great a 
length, as the distance through which the water 
will flow in seven minutes and a half, in the first 
case, or twelve minutes in the second. 

(138.) The length of pipe through which the 
water mil circulate in the above-mentioned times, 
will depend upon the depth to which it descends 
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beloW' the boiler. In this apparatus, the shorter 
the distance through which the water flows, the 
greater is the rapidity of circulation — an effect 
which is the reverse of what occurs in the common 
form of hot-water apparatus. In general, the cir- 
culation is here very rapid ; but the distance through 
which the water will travel is more limited than 
with the common plan of circulation. For, gup- 
pose the water to be raised by the centiifiigal force 
one inch higher at the periphery than at the centre 
of the boiler, and that it descends 42 feet; if the 
water in the pipe lose six degrees of heat during 
its transit, the circulation will then be extremely 
slow; because, by the Table (Art. 15) we find that 
the difference of weight between two columns of 
water 42 feet high, and six degrees difference of 
temperature, is 242 grains per square inch on the 
area of the pipe, which is witliin four grains of the 
weight of the one inch additional height of the 
Water in the boiler. But if the difference between 
the temperature of the two pipes be only four 
degrees, then the difference between the weight of 
the two columns will be 160 gi-ains per square inch 
of the area of the pipe; and (by Art 21) we shall 
find that this will give a velocity of 81 feetper 
minute, so that the pipe may in this case be about 
400 feet long. But if the water only lose three 
degrees of heat diuing its transit through the pipes, 
then (by Art. 21) its velocity will be 100 feet per 
minute, provided it descends only 42 feet below the 
boiler; and, therefore, the pipe may be about 350 
feet in length. If the depth of the descent below 
the boiler be only one half the amount above-men- 
tioned — or 21 feet instead of 42 — then the length 
of pipe through which the water will circulate will 
be just double the amount that has been stated for 
the several differences of temperature.* 



These calculations are all made for pipes, of four 
inches diameter ; Imt if smaller pipes he used, the 
distauce through wliicli tlie water will circulate 
will be less; because as the quantity of heat lost 
in a given time by diflerent sized pipes is as the iii' 
verse of their diameters, so also will be the distance 
that the water will flow, if the velocity of its raotion 
be the same.* 

(139.) If greater velocity he given to the fly- 
wheel and float, the centrifugal force and the height 
of the water at the circumference of the boiler will 
both be increased ; and the distances to which the 
pipes can be carried, may then likewise be ex- 
tended, 

(140.) By using a close boiler instead of an open 
one, a range of pipes may be taken upwards which 
will act on the connnon plan of circulation, while 
another range of pipes may proceed from the bot- 
tom, and act on the principle which has here been 
explained. In this case, the centrifiigal force, of 
which the additional height at the circumference of 
the boiler is merely the index or measure of effect, 
fljnll still be of equal power, provided the velocity 
of the float continues the same ; and tlie water will 
therefore descend to the same extent as before. 
The spindle of the float must, in tliis latter case> 
paas through a stufling-box on the top of the 
boiler, or some other contrivance to answer the 
same pui-pose must be adopted. 

This invention, which is a happy application of 

* It will be o^Jeerred, from wtat haa been stated rospecting 
tlie common plaji of circulation, that the whole of these effects 
are axactly the reverse of what there ocoura. la that, the 
greater the diiference of temperature between the pipes, the 
more rapid the circulation : in thia, the circulation is more 
rapid in proportion as the pipes are nearer to the same tempera- 
htre. In the former, the circulation is more rapid when the 
pipes are moderately small ; in the latter, the larger the pipe 
the greater tlie velocity of circulation. 
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dynamical principles to overcome one of the most 
constant of Nature's laws, by tlie development of an 
antagonist force, has hitherto been but little used. 
It is, however, clearly capable of being efficiently 
appUed in those cases where the same object cari- 
not be accomplished by any of the more simple 
means which have beoa previously described. 

(HI.) A plan proposed by Mr. Edward Weeks 
for circulating water at different heights was some 
years since (1829) made the subject of a patent, 
but it is not necessary here to be described, as it 
has long since been superseded by more efficient 
means. A boiler, also of his invention, is described 
in Art. 87. 

(142.) Mr. Thomas Fowler, of Great Tonington, 
in 1828, took out a patent tor an apparatus which 
he called a Thermo-syphon.* It was, however, 
wholly iuapplicable to the puqjoses intended, in 
consequence of the complication of valves and 
cocks required to work it ; the whole of which 
complication is overcome by the invention of Mr. 
Kewley, described in Art. 117. 

(143.) An appai'atus was invented by Mr. H. C. 
Price, and patented in 1829, which was designed 
principally to alter the form of the radiating sur- 
faces.f These surfaces, instead of being composed 
of pipes, are formed of flat close vessels, about 
three feet square and 2i inches deep, placed edge- 
ways (or vertically), so that when several of them 
are fixed together, a thin stratum of air passes 
upwards between them, and becomes heated m its 
passage. A main pipe connects all these vessels 
togetlier at the bottom, another similar pipe is fixed 
at the top ; and these main pipes lead to and ti-om 
the boiler, thus keeping up the circulation of water 
in all these flat vessels at the same time. This is 
• " Repertory of Arts," etc., vol. ix. (1830), p. 393. 
t niiil., vol. K. (1830), p. 05. 
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often a very convenient mode of applying a large 
extent of heating surfece in a moderately small 
space ; but the principle of the circulation is in no 
way different from the ordinary hot-water apparatus. 
The vessels containing the hot water are usually 
placed in a vault or chamber below the room or 
building to be warmed ; and the air, when heated, 
ascends to the room above through ventilators in 
the floor, or other similar contrivances. 

For large buildings this plan answers exceedingly 
well, and many extensive apparatus have been 
erected with perfect success, as it is always com- 
bined with a system of ventilation, which is too 
often neglected in other methods of heating build- 
ings. 

(144.) A plan has lately been proposed by Mr. 
Rendle, of Pljonouth, as a novel mode of heating 
horticultural buildings, and which he has denomi- 
nated the ^^Tank System." The principal object 
proposed, is to afford bottom heat to plants, without 
the use of bark, tan, dung, or other expensive and 
troublesome materials. The plan recommended is 
to construct a tank, either of brick, wood, slate, 
stone, or metal, immediately below the beds of the 
hot-house : the tank being the fiill width of the bed, 
and about four or five inches deep. A partition 
divides this tank up the centre, except about two 
or three inches at the further end ; and then, by 
connecting two pipes to the end of the tank nearest 
to the boiler, one leading from the flow-pipe of the 
boiler, and the other from the return-pipe, and 
placing these on the opposite sides of the before- 
mentioned partition, a circulation of water is pro- 
duced, the hot water passing up one side of the 
tank and returning back along the other side, the 
partition merely separating the two currents. The 
tank is first covered with large and strong slates, 
.and then a layer of loose stones is laid, and subse- 
quently layers of sand and earth ; and the sides of 
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the tank are so constractetl as to nse sufficiently 
liigh to make a convenient receptacle for these 
several layers of materials, through which the heat 
ascends to Ihe plants placed in the earth on the 
top. 




This form of apparatus is represented in flff. ^'^ 
wTiich shows tlie tank without the cover, ana ali(^ 
«-ithout the sides ivhich support the layers of stonesj 
and earth. The tank, if made of brick, requires to' 
be well stuccoed, in order to make it hold the water 
without percolation through the bricks ; bnt riie 
expansion caused by the heat renders it difficult i6* 
keep the tank perfect. Wood tanks are also liaMd* 
to become leaky; and when used, require to h^ 
made in the most substantial manner. ' '," 

(145.) Tlie plan of affording bottom heat in this* 
manner possesses but small claims to novtltV,' 
except as regards the form of the ^"cssel which' 
contains the heated water. In 1788, steam wag* 
first used for gi\'ing a bottom heat to plants by'* 
T. Wakefield, Esq., of Northmch. His expen-l 
ments were continued for several years with con-'^ 
siderable success, and in 1792 the plan was adopted'' 
at Lord Derby's gardens, at Knowsley, apparently' 
on the model of ^Ir. Wakefield's, and wa^ attended 
with perfect success.* From 1801 to 1806 i^ 



■ A long accoimt of these 
" Repeitory of Arts," voL sii 

also in the " Transactions of the Society of Arts anil 
tures," etc. 



periment-s wiU be found, in the 
(1st sedes), p. 235, ft sfq,; and. 
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u^e^t ^' . i)^ WAter^ flowing . through . leadeQ . pipes 
pli^eKi about: mpe. inches below the siu&<ce of the 
rapvild^:iW9(s employed by T^ N. Parker, Esq., of 
Siyjaeney Hall, Qswestry, for giving bottom heat 
for melon pits, the water circulating through a 
single pipe only, which was attached to a small 
copper boiler. Mr* Weston, of Leicester, in 1800, 
employed f or ihe same purpose leaden pipes three 
inches di^pkieteif, fiUed with hot water, which, from 
the slow OQnducting power of the metal, retained 
th^iJbil^&ir a great length of time.* In 1826, Mr. 
MaclVlttirtie, gardener to Lord Anson, described a 
method of giving bottom heat jointly by flues and 
steam, wliicri he had successfiilly employed for a 
P^od, of tivy^elye years ;f and in 1831, the author 
a,pplied the circulation of hot water, on the common 
pjL^pi,. .thirough. .iron pipes of four inches diameter, 
fQjC p;r9ducing bottom heat in forcing pits, without 
t^iuse (tf dung. 

.,-^.tbese plans have been successful to a con- 
siQ^ipalbla extent ; but they all have one defect in 
CQUi^n with Mr. Rendle's system. It is difficult 
to regulate the quantity of moisture; and by some 
of these plans — ^particularly those where steam was 
allowed to evaporate in large quantities — ^there was 
too much damp for the plants, and by others they 
wer(5 too dry. Mr. Rendle's tanks are liable to the 
sanoe objections. And it is probable that the most 
e^pient way of applying hot-water circulation, for 
producing bottom heat, would be by passing large 
iron pipes of four inches diameter through troughs 
naade water-tight,, placed beneath the bed required 
tQ Jbe .heated, and filled with small loose stones. 
These stones, when once heated, will retain their 
temperature for a great length of time, and by 

*. "Bepertory of Arts," vol. xiii., p. 238 (1st series). 
f "Horticultural Transactions," vol. vL; and "Quarterly 
Journal of Science," vol. xxii., p. 341. 

L 
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pouring water into the trough, vapour caii be 
raised to any extent tliat may be lequiied, tb£ 
quantity being much or littlo as circunistauces maj 
render desirable, or the heat may be continued 
without any va])oar, whene^'ei* a dry heat is re: 
quired. The pipes need not be placed very ■close 
together, about 12 or 18 inches apart from each 
other would probably be a good distance when 
four-inch pipes are used, depending principally 
upon the quantity of vapour wliich is required to 
be raised. 

(146.) Mr. Rendle proposes to make his tanks 
supply sufficient heat to warm the air of the house, 
as well as to produce a bottom heat for the plants, 
Those who adopt this plan will soon find that it can 
only be used as an adjunct to any other method* 
and that it cannot siipersede the ordinary modes <rf 
heating horticultural buildings. The chief merit of 
this plan consists in bringing into action a large 
reservoir of hot water, contained in slow Qoun 
ducting materials; by which (when the tank. i» 
connected with the pipes that heat the air of the 
house in the usual way) greater equality of tempe? 
rature can be maintained in a hothouse, than by 
any other method which comprises only a smaller 
body of hot water. This, however, does not appeal 
to form any part of Mr. Rendle's system. In * 
small pamphlet, published by him, the apparatus is 
described as intended both to heat the air of th^ 
house, as well as to give bottom heat to the plants; 
and when tlie tank is made of brick, accordhig. t% 
his recommendation, the quantity of heat radiate^ 
from the exterior surface must necessarily be s<^ 
small that sufficient heat to warm the air of tha 
house in cold weather cannot possibly he obtainedj 
Iron tanks, instead of brick, have been propose^ 
by other parties; by which this latter objection 
would be overcome : but ijy the greater radiating 
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jj^wer of the iron, the advantages contemplated by 
Mr. Rendle would not be obtained. The brick 
tank, when used only for bottom heat, and as an 
addition to the usual arrangement of pipes for 
warming the air, may frequently form a very useful 
apparatus ; but it will probably give way to some 
better arrangement, by which the vapour can be 
regulated with more certainty than this form of 
apparatus appears capable of doing. 

(147.) A patent was obtained in 1838, by Mr. 
Corbett, of Plymouth, for heating buildings by hot 
water circulation in open troughs, instead of pipes 
of the usual form.* The objection to this plan is 
th*^ difficulty of regulating the quantity of vapour 
given off by the open troughs, to suit the varying 
requirements of the plants. The inventor pro- 
pose!^ to do this by means of moveable covers to 
be placed on the troughs, which would prevent the 
valour riting so rapidly. But all the advantages 
of this plan appear to have been anticipated several 
years previous, by the use of pipes with troughs 
at about three inches deep cast on the top, and 
extending nearly the whole length of the pipe. 
Tlie trough, being formed by the surface of the 
pipe itself, is always kept hot : and any quantity of 
vapour can be obtained, up to the actual saturation 
of the atmosphere of the house, by filling these 
troughs partially or wholly, as the case may re- 
quire. 

(148.) The last two inventions which have been 
described, appear to be founded on a very imper- 
fect knowledge of the physical laws which they 
call into action. The tank system, when used as 
thfe inventor of it recommends, must necessarily 
fail to afford sufficient heat to the air, as a very 
slight acquaintance witli the laws of radiant heat 

* "Repertory of Arts," etc., vol. xi. (1839), p. 346. 

l2 
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will show ; andithe use of open troughs, to sapCTJ- 
sede the preAious metliod of pipes with troughs 
cast on them, is founded on a misconception of the 
laws of vaporization. 

(149.) Mr. Corhett states, in the specification to 
his patent, that the quantity of vapour which is 
given oft' from the troughs depends upon the tem- 
perature of the air and the depth of the troughs. 
This last circumstance (inasmuch as by increasing 
the depth, the radiating surface must be enlarged, 
and the temperature of the water thereby lowered,) 
will certainly somewhat alter the rate of evapora- 
tion, though not necessarily its final quantity ; but 
the temperature of the air in no way influence! 
either the quantity or the rate of evaporation, unlffii 
it be so cold as to condense the vapour. ■; 

(150.) Dr. Dalton * has shown tliat the only cm- 
cumstances which affect the vaporization of water 
in atmospheric air, are — " First, the quantity evai 
porated is in direct proportion to the surfaca 
exposed, all other circumstances being aJikei 
Second, an increase in the temperature of tha 
liquid is attended with an increase of cvaporaitioa 
not directly proportionate. Third, evaporation 
greater where there is a stream of air, than whpre 
the air is stagnant. Fourth, the evaporation frotit 
water is greater, the less tlie humidity previously 
existing in the atmosphere, all other circumstances 
being alike." The rate of evaporation therefore, 
from water under 212" of Fahrenheit, is directly as 
the surface of water exposed, and as the evap&i 
raiifig force ; which latter is the name that, 
been given to the difference in the elasticity of the 
vapour which rises from the water at the gives 
temperature, and that of the vapour already exist* 

* "Memoirs of tlie FLJloBophioal Bouiety of Mauch^ate^ 
Tol. v., p. 576, et aeq. . ■■ • ■\ ".i.t.v 
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M^iH the ah-. And Dr. Dalton tmind that "the 
same quautity is evaporated with the same evapo- 
r<atiii§ force, whatever be the temperature of the 
air." 

'■■ (151.) This theory of evaporation is here more 
particularly dwelt upon, because many persons 
nave adopted the notion that any quantity of 
vapour, without limitation, can be produced by 
oieans of open troughs, such as have been de- 
scribed. Nothing, however, can be more errone- 
ous. When once the air is saturated, the evapo' 
rating force ceases ; * until either a portion of the 
vapour it contained be condensed, or the tempera- 
ture of the evaporating fluid be increased, when 
of course a new state of circumstances obtains, 
and the condition of equilibrium ends. Practi- 
cally, however, evaporation never ceases when the 
evaporating liquid is kept at a high temperature ; 
because the air being at a much lower temperature, 
the vapour contained in it nmst always have leas 
elasticity than that given off from the water: the 
result will be that the water evaporated will be 
condensed by the air, and will be precipitated ; 
while, at the same time, the latent heat of the 
vapour will be rendered sensible, and will raise the 
temperature of the air.f If the air were confined 
in a place where it could not again lose any por- 
tion of this acquired heat, this process would ulti- 

Theiie renmrfca apply to the case of fluids under the i/em- 
fpraiuce of, 212°. A tli&ereut state of things ohtaiua wljen ^le 
yapBur formed exceeds the total atmospheric pressure, 
*''t The quantity of heat given out by the condensatibn of 
WfcpbOP ia WeFy'QOQsideraljle. By thp note to Art. 97, it will be 
non.'tibatiH cubic foot. of water will heat 2990 cubic feet of sir 
M^^^wy.^lieg^eB as tbe water itself loses. As the latent beat 
«'^vapotir is about lOOO", it follows tliat every oihic inc/i of 
]*ater which ia evaporated, and then again condensed from 
"IpdUfj-ai '^bove mentioned, will coumiuuicate 5° of heat to 
6 cuitie Jeet of air. 
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mately stop the evaporation; but in horticiiItui«l> 
buildings, the loss of heat from the lar^e sur^e> i 
of glass is so consideralite, tliat this result cannoti 
follow. 

(162.) As the quantity of vapoiu: given off; to 
the air depends, as we have here sliowii, ou the 
sxzrface and the temperature of the water exposed, 
it follows that no possible advantage can be 
obtained from a large quantity , of water in an open 
gutter, over the same suiface of water obtained by 
the old method of troughs fixed or cast ou the Uxpi 
of the pipes ; while the latter ai-e more easily regu-. 
lated to suit the requirements of difiereut plants aJod 
different seasons, and are also free from several 
practical difficulties, which attend the application 
of the other method.* ■ > 

(153.) The preceding remarks are descriptive 
of the principal modiiications which have hitherto 
been introduced into the hot-water apparatus, 
though many de\'iations of a minor character have 
been proposed, several of them indeed being intro- 
duced apparently for the sake of novelty. The 
advantage, however, which may be derived from 
these peculiar forms or modifications of the appa- 
ratus must depend upon the purpose for which it 
is required. Thus, in places where a long con- 
tinuance of heat and uniformity of temperature 
are required, the form of the pipes, tanks, vesselsj 
and other radiating surfaces, should be such as to 
afford only a small surface, while they contain a 
large quantity of water. This may be obtained by 

* Thoae who wish to follow further the aubject of spon- 
taueona evaporation, may, with adTantage, consult the " Me- 
moirs of the Maocheater PLiloaopliical Society," already quoted; 
also "Nicholson's Journal," vol. xxvii., p. 17; "Journal de 
Phymque," vol. Ixr., p, i46; "Quarterly Journal of Science," 
Tol. xvii,, p. i6; and " Philoaophical Tranaactiono," voL Ixxxii,, 
p, 400. 
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ui^ng pipes of large diameter, or tanks of a large 
cubical content, and approaching in form either to 
the sphere or the cube ; while, on the contrary, 
where the heat is required to be quickly raised, 
arid permanence of temperature is unimportant, 
the radiating siufaces may be greatly increased, in 
proportion to the actual quantity of water con- 
tained in the apparatus. In this case, therefore, 
pipes of small diameter, or tanks which are very 
flat in form, may advantageously be used; and 
many varieties of the apparatus will necessarily be 
adopted, amongst ingenious persons who practically 
apply this invention to the vast number of useftil 
purposes to which it is apphcable. Many of the 
purposes to which it is extremely suitable have not 
hitherto had it applied ; and its advantage in other 
cases, has not even yet been suflficiently appre- 
ciated. Such are the uses to which it may be 
adapted in various manufactories — in paper-making, 
calico-printing, dyeing, and starch-making; and 
also for dru^sts, seedsmen, and numerous other 
puiTposes of general utility ; and for drying-rooms 
for every purpose where a mild and equable heat 
is desirable. For many of these purposes it is 
exceedingly convenient, as the form of the heating 
surface can be made to suit the peculiar object to 
which it is to be appUed ; and the inconveniences 
that arise from unequal degrees of heat, consequent 
on most other methods of warming, are, by this 
means, entirely avoided. 
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(154.) Having, in the preceding chapters, ar- 
raiiged, mider distinct heads, the various remarks 
on the principles of waraiing by the circulation of 
hot water, it may here be desirable to bring un<ier 
general review the principal facts which it has been 
the object of this work to explain. There are,, be- 
sides, many minor points connected with the in- 
vention, that could not conveniently be brought 
under notice in any of tlie foregoing divisions, 
under which the subject has been treated, but 
which, nevertheless, may be found very useful to 
those who are investigating its principles, or adapt- 
ing it to practice. 

(155.) A correct knowledge of the cause, of cir- 
culation of the water, it has already been observcid, 
is absolutely necessary to the successful application 
of this invention in many of its more conipliccjkt^ 
arrangements. Some estimate must be formed ;of 
the amount of the motive power possessed by an 
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apparatus of this sort, otherwise it will be impos- 
sible to ascertain what will be the result of any 
particular position, or determinate length of the 
pipes, in many peculiar cases; as, for instance, in 
such forms of apparatus as figures 10, 11, and 2S. 
It is also necessary, in order to make provision for 
the escape of the air from an apparatus of this 
kind, to have some knowledge of the laws which 
regulate the motion of fluids, iti order to ascertain 
where the air will lodge, and why it should accu- 
TTlillate in one place rather than another. No cir- 
cuinstance connected with the subject requires 
greater caution than this. In every part of the 
apparatus where an alteration of the level occurs, 
'a vent for the air must be provided; because, from 
the extreme levity of air compared with water 
I (Art. 9), it is impossible that the air can ever de- 
scend, so as to pass an obstruction lower than the 
place where it is confined. Thus, in fig. 7, if the 
air accumulate in the pipe between a and e, it is 
■ iivident that a vent at v, although it would take off 
I the Air from g h and from c d, could not receive 
lanyi portion of that which is confined between a e, 
I or between ef, because, in that case, it must descend 
through the pipe e f, before it could escape. The 
principle is the same in all cases, however large, or 
' however small, the descent may be : and the acci- 
dental misplacing of a pipe in the fixing, by which 
' one end may be made a little higher than the other, 
"tvill as effectually prevent the escape of air through 
a;vent placed at the lower end, as though the devia- 
tion from the level were as many feet, as it may, 
perhaps, be i/nches. It is, however, impossible to 
'^ye multiplied examples of this part of the subr 
ject, for probably no two instances precisely similar 
'Trtay occur; but it deserves the most serious atten- 
tion in following out its practical consequences, for 
innumerable failures have arisen from its neglect. 
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and DO part of the subject is more puzzUii^ to bn 
inexperienced practitioner. 

(156.) \\'ben any particular obstructions are te~ 
quired to be overcome, in consequence of numerous 
fjterationii in the level of the pipes; when the pipes 
are required to descend below the boiler ; or, in' 
short, when any other variation from what may be 
considered as the usual form and arrangement of 
the apparatus, may be desirable, it is essentially 
necessary to have some data on which to found a 
calculation as to what will be the practical result of 
the required deviation; for no partial experiment 
of a tentative character, nor even the effect shown 
by a miniature model, will give anj-tbing Ufce an 
accurate idea of what will be the residt, when the 
experiment is made on a lat^e scale. The reason 
of this is oljvious. It has been shown that the 
greater the distance through which the water flows, 
the greater does the motive power become, in con- 
sequence of the water being colder in the return- 
pipe relatively to the flow-pipe, while at the same 
time the friction is increased, though not always in 
an equal degree. This will, therefore, prevent par- 
tial experiments — that is, working models exhibit- 
ing only a particular portion of the whole apparatus 
— from being conclusive; and with a miniature 
model, although the decreased time and distance of 
transit are compensated by the reduced size of the 
pipe exerting a greater cooling power on the water, 
the friction being much greater in small than in 
large pipes, the velocity will be reduced in a very 
sensible degree, and the results rendered wholly 
inconclusive. In general, the successful working 
qi' a miniature model will be conclusive that the 
exiwriment on a larger scale will perform still 
Iietter; but the failure of the model will be no 
proof that the larger apparatus will not he suc- 
cessful. 
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; GalG\i}ati<xQS on this subject possessing any claims 
to accuracy are extremely difficult; and exact re^ 
sult3> ipdead, are perhaps impossible in the present 
state of our knowledge on this difficult branch of 
hydraulics^ notwithstanding the many eminent and 
l^araed men who have both written and experi-^ 
rented on the motion and resistance of water 
moving in pipes.* < Notwithstanding this acknow- 
ledged difficiUty, the remarks made in the preceding 
chapters will enable an approximate estimate to be 
formed as to the general effect that may be ex- 
pected from any particular arrangement of the 
apparatus^ and whether the motive power will be 
increased or diminished by the arrangement pro- 
posed. And, by following out in detail the rxiles 
which have been given, a tolerably accurate judg- 
ment may be formed as to the result that may be 
expected, under almost every form of the apparatus 
that may be adopted. 

(167.) In the diagrams which have been given 
in the first and second chapters, the simplest pos- 
i^ible arrangements of the pipes have been shown. 
To giv€ the various forms in which the pipes and 
heating surfaces may be laid would obviously be im- 
possible ; it must be left to the ingenuity of the 
adapters of the apparatus to deduce, from the 
general rul^ which have been given, the form of 
apparatus best suited to the particular case ; and, 
while bearing in mind the causes which produce 
and increase the circulation, it will not be difficult 
to contrive an almost infinite variety of arrange- 
ments for accomplishing the desired result. 

(158.) In the simple form of the apparatus, as 
generally used in hothouses, there is seldom much 
difficulty, except when the pipes are required to 
dip below the doorways. When the boiler is placed 
sufficiently low (Art. 28), the difficulty of taking 

* See Chapter II., Art. 22. 
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off the air from the pipes is principttHy to be atteilded 
to. It has sometimes been the practice to place an 
open wpright pedestal on the top of the pipe at! /j 
fig. I), for the siippoaed purpose of adding by the 
weight of its column of water to the downward 
pressure at that part, and by this means to increase 
the circulation. But the real effect of such a 
column of water pressing on the pipe must be tol 
increase the pressure on every part of the appatwtus 
alike, and not on this part in particular; and there-^ 
fore it is probable that any real effect obtained by 
this means is attributable to a more easy escape' 
being provided for the air. For any air accuwmlaK 
ting at this part, must be particularly prgudicia!^: 
by Occupying a portion of the space which ought 
to be filled with water, and by thus much diminish^ 
ing the pressure on the descending column. A' 
very small accumulation of air at this part of -thfej 
apparatus might seriously retard, or even totally 
obstruct, the circulation, and therefore a ready 
escape for the air at this point is particularly 
desirable. Tlie same effect is no doubt, to som* 
extent, produced by the open cistern a, figj 12 
(Art. 32); for, although its effect may som^imti* 
be beneficial, it is difficult to account for it on tih©. 
ground of increased pressure ; while it is obvi<>us^ 
quite possible that benefit may arise from the ajfl 
having so easy an escape.* ■ »'■ 

* It haa been supposed tbnt, atthongb. this iacceased .piesBpre 
by a vertical column of water undoubtedly extends. to erery, 
part of the apparatus, an advantage must arise in consequince' 
of the bubbles of steam and hot water (which rise oontiHnidiy' 
upwards from tlio bottom of the boiler, strongly acted <m.. Lyi 
the fire,) being relatively lighter than the rest of the watei^. 
when the latter is thus condensed by the increased vertical, 
height. This, however, must needs be enwneous, because steain 
produced undep pressure is of greater density exactly in pttel^ 
portion to this pressure, and therefore the relative proportiintia' 
between the dansitiee of the steam bubbles and the wtiter mi^Bt' 
be preservStl, however much the pvcasurc may bo increased. 
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ImOIjSSi) It will! be apparent from these remarks, 
how essential it is to tree tlie pipes from any accu- 
mulation of air, wlien such difficult cases of circu- 
lation are attempted as those described in Art. 
30 — 34, or any of an analogous chM^cter. It is 
probable tliat many failures have arisen entirely 
from this cause, which a very slight alteration would 
have prevented; and attention to this point in the 
construction of all hot-water apparatus can hardly 
be urged too strongly. 

(160.) When the pipes dip below the doorways 
of hothouses, it is sometimes very difficult to allow 
sufficient depth for two pipes of large diameter 
below the step of the door, when placed as shown 
in; fig. 9. When this is the case, a smaller pipe may 
be Ksed at this particular part ; and, just at the dip, 
the lai^e iron pipe may be suddenly reduced to one 
o£, small diameter, and again increased when it 
risestfrom below the door. The circulation will by 
this means always be reduced to some extent (Art. 
48), and it is by-no means advisable to adopt it 
whenever it can be avoided. All unnecessary vari- 
ations in the size of tlie pipe ought always to l>e 
avoided ; and when adopted they are better to be 
gradual than sudden, as there will be less oljstnic- 
tion' to the water passing through a trumpet-shaped 
pipe, either from a large to a small pipe, or from a 
small pipe to a larger, than when these changes are 
made abruptly. 

Inconvenient as these vertical dips in the pipe 
frequently are, they, as well as the horizontal bends, 
are sometimes usefid in counteracting an inconve- 
nience which otherwise might occur from the ex- 
pansion of the pipe in its horizontal length. When 
there is a very long length of perfectly straight pipe 
passing along the side of a building, and returning 
again in the same direction, it often happens that 
the expansion of one of these lengths of pipe is m 



much gi-eater than the other, owing; to its highrr 
temperature (and this particularly happens when 
the circulation is slow), that some of the joints 
become loose, and a loakaj^e occurs. This incon- 
venience is more likely to occur when three or four 
pipes are placed one above another ; in which case 
the upper pipes always become heated first, and 
thence become more expanded in length : and so 
great is the force of this expansion, that unless there 
is some degree of elasticity given to the pipes, either 
by elbows intervening, or by some other means, a 
leakage is almost certain to occur ; and generally it 
happens at the exti'eme end of the pipes farthest 
from the boiler. When steam-pipes were used for 
heating buildings, this cause of leakage was very 
inconvenient; and Count Rumford introduced an 
ingenious mode of counteracting it, by attaching 
both the upper and lower pipe to a copper drum, 
which, being more pliable than the cast-iron, cor- 
rected the evil. In all cases where there is a great 
length of pipe running in a straight line, it is neces- 
sary to bear in mind the certainty of expansion 
occurring, and to provide for Its effects : for serioiHi 
accidents have occurred to buildings by neglecting 
this precaution, as the expansion cannot be pre- 
vented under any circumstances, and its power is 
immense against anything that resists it 

(IGl.) In all cases where pipes are placed at 
various elevations above the boiler, for the pui-pose 
of warming different floors of a building, or where 
fi-om any other cause the pipes descend by steps or 
gradations from a high elevation to a lower, before 
the water returns to the boiler, it is necessary that 
the water should be made to ascend at once from 
the boiler to the highest elevation. By this means 
the best possible circulation is always insured, as 
there will then be the greatest difference between 
the weight of the ascending and descending columns. 
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Itiwill, however^ often be found convenient, when 
dififereul; floors of a building are required to be 
hi^ated by one apparatus, to have a separate pipe 
leading, from the boiler to each floor; as it but 
seldom happens that horizontal branch pipes are 
effective when leading out at different elevations 
from a general main pipe rising vertically from the 
boiler. This arises from the extremely rapid motion 
of the water in vertical pipes ; by which means the 
whole of the heated water passes directly to the 
highest level, without delivering any to the lower 
horizontal branches. This plan of having separate 
pipes for each floor, is better than having one pipe 
gradually descending through them all, as, the 
shorter the circulation, the more equal will be 
the effect, in consequence of greater equahty in the 
temperature of the pipes (Art. 49.) 

. (162,) In the fourth and fift;h chapters the con- 
struction of boilers and ftirnaces has been so fully 
treated on, that it is not necessary here to offer any 
additional remarks. As regards the shape of the 
radiajting surfaces that are employed to heat the 
buildings, it may be observed, tliat a judicious 
selection in this respect is a matter of considerable 
consequence, and the remarks already made (Ait. 
59 — 63) will explain the principal points which 
must be considered in determining the form and 
dimensions of these surfaces. The rules for calcu- 
lating the extent of these surfaces required for any 
description of buildings, have been given in the 
sixth, chapter ; and the proper proportions of any 
apparatus may be calculated by these rules and 
those given in the fourth and fifth chapters. 

. It may be observed, however, that in those cases 
where the radiating surfaces are not placed actually 
in the room or building which is to be heated, but 
which produce their effect by heating successive 
pprtions of air, which then pass into the room that 
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is required to be wanned, there will always be some 
loss of heat, which will therefore need some correc- 
tion to be made in the calculations already ^ven. 
This applies also to those cases where the pipes are 
placed in di-ains or trenches below the floor, with 
trellis grating or ventilators in the floor to cover 
the pipes and to emit the heat. The proportion of 
heat lost by this means will depend upon various 
circumstances. When the pipes freely radiate their 
heat into the room to be warmed, about one-fifth of 
the total effect is produced by radiation, and the rest 
by contact of the air with the heated surface (Art. 
186,^/. seq.) : but that portion of the heat obtained 
by radiation will be considerably reduced by placing 
the pipes in a ti'ench. For the interior surface of 
the trench will become considerably heated ; and as 
the heat given of!' by radiation depends in a great 
degree upon the difference of temperature between 
the heated body and the medium by which it is 
surrounded, it follows that the hotter the trench 
becomes the less radiant heat will be given off by 
the pipes. The loss of effect by this means would 
be considerable were it not for the circumstance of 
the heated sm'tace of the trench itself giving out 
heat by conduction to the au-; the eflfect therefore 
becomes a very comphcated one; but it may pro- 
bably be assumed as a tolerably correct result, that 
the loss of heat by placing the pipes in a trench 
which is well covered for nearly its whole length 
with trellis gratings, will vary from five per cent, to 
ten per cent, according to circumstances. When 
the trench is only partially covered with trellis 
gratings, the loss of heat will be more ; and there- 
fore, when this plan of placing the pipes is adopted, 
at least two-thirds of the entire trench ought to be 
covered with the trellis grating, and the freest 
possible escape must be allowed for the heated air. 
The trench also should not be made too large ; and 
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tKfe'best size will be, to have it large enough to hold 
the ipipes, and to allow the workmen easily to fix 
theni ; and all the space beyond that will only tend 
to diminish the effect of the apparatus.* 

The s^riie remarks will, of course, apply to all 
cases where the pipes or other radiating surfaces 
are placed in vaults or chambers below the rooms 
intended to be heated ; and, in all cases of this kind, 
some^allowance must be made for the loss of effect 
arising from the causes here described. 

It should also be observed that when the heating 
surfaces are placed in vaults or chambers below the 
rooms to be heated, and are so contrived that the 
air froiii the rooms does not pass over them a 
second time, but fresh external air alone is made 
to pass over them, and then to escape from the 
heated room by means of ventilators, double the 
quantity of pipe is necessary to heat a given space 
than will be required if the air of the heated room 
be i^ade to circulate repeatedly over the heating 
surfaces. The air will be more salubrious when it 
is not heated over again a second time, but the cost 
of th6 apparatus will be greatly increased. 

Whenever the heating surfaces are placed in 
vaults or chambers, and not distributed generally 
in the rooms to be heated, it requires great judg- 
ment in placing the openings for the emission of 
heated air in a proper position ; for if there is a 
current of cold air from one end of the room or 
building — as, for instance, in a church which has 
the entrance at one end — it is impossible to make 
the current of hot air travel to the extremity of the 
building ; but being met by the cold current it will 

* It is very often desirable to make the bottom and sides of 
tKese trendies fuE of holes, for the purpose of admitting fresh 
air into the building. Some remarks on this subject will be 
found under the head of " Ventilation," in a subsequent chapter 
(Art. 312). 

M 
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be forced back and prevented from reaching the 
colder end. This circumstance has entirely 
destroyed the beneficial action of innumerable 
apparatus ; and so strong fr'equently is the action 
of the cold current of air in such buildings, when 
rushing in to a somewhat rarefied atmosphere, that 
it has not unfrequently happened that under these 
circumstances the building has become considerably 
colder when the heating apparatus is used, than it 
was before the pipes were warmed or the fire 
lighted. The only remedy is to make the emission 
of hot air in such parts of the building, that it shall 
not meet with these opposing currents of cold air. 
It is sometimes very difficult to accomphsh this, 
and it requires great judgment efficiently to warm 
buildings in this manner. 

(163.) In the seventh chapter, some of the prin- 
cipal modifications of the hot-water apparatus have 
been described, and their peculiaiities pointed out, 
in order to ascertain how far they accompUsh the 
objects proposed. Many of these inventions are 
highly ingenious, and well deserve attention, for the 
purjjose of ascertaining under what particular cip- 
cumstances their peculiarities can be most advan- 
tageously applied for accomplishing the intended 
object. 

(164.) The mechanical operation of fitting to- 
gether the pipes is a subject known to most good 
workmen who are acquainted with iron-work. The 
usual and best kind of pipes for the purpose are 
those with socket joints; those with fiange joints 
having long ceased to be employed for hot-water 
apparatus. And even for steam, where flange joints 
were formerly invariably used, the socket joints are 
now very frequently employed, as they make a 
much neater and at the same time an equally strong 
joint. In fact, when the joints of socket pipes are 
well made, the pipes themselves will break before 
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the joints will yield, or before the faucet end of one 
pipe can be drawn out of the socket of the other. 
The joints require to be well caulked with spun 
yam, and then filled up with the cement which is 
well known to engineers under the name of iron 
cement. This forms the strongest joint that can 
be made ; but other cements are frequently used, 
the principal of which are a mixtiwe of white and 
red lead, which makes a very good cement ; and a 
cement made of quick Ume mixed into a paste with 
boiled linseed oil* has occasionally been employed 
with considerable success. Fire clay sifted fine, 
and mixed with boiled oil, also makes a good 
cement; but perhaps the hardest cement of all is 
red and white lead mixed with a considerable quan- 
tity of iron borings, which is a very enduring as 
well as an extremely hard cement. For all ordi- 
nary purposes the best cement is red and white 
lead; and a very small quantity of iron cement, 
appUed as a means of finishing the joint — the red 
and white lead being used at the bottom of the 
joint and the iron cement at the top — forms the best 
joints that can be made. Many thousands of pipes 
have been burst at the joints from improper modes 
of using the cement. Wherever iron cement is used 
in too large quantities, and too strong in its chemi- 
cal proportions, the sockets are almost certain to 
burgt after they have been made a few months. 
For a chemical action takes place in the iron 
cement, which slowly expands, and thus bursts the 
sockets of the pipes, if the quantity used is at 
all in excess; and this slow chemical action has 
been found to go on for many months, and some- 
times even for years, causing the most serious 

* This compositioii is very liable to spontaneous combustion, 
and should therefore be used with caution, particularly by 
mixing it apart from anything likely to ignite by the heating 
of the materials. 

M 2 
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loss and inconvenience by the destruction of the 
jMpes. 

(165.) It may be desirable to make a few obser- 
vations on the water that is to be used in this kind 
of apparatus. Sometimes the foulest and most filthy 
water is used in a hot-water apparatus, by which a 
thick coating of mud is deposited, and which must, 
necessarily, not only much reduce the effect of the 
apparatus, but also injure the boiler. But a far 
more general, and, in fact, an extremely common 
error lies in using hard water, whicli contains a 
large quantity of earthy salts. Rain water ought 
always to be used when it can possiljly be obtained, 
because all hard waters are impregnated with saline 
matter, which forms the sediment or incrustation so 
common in those vessels in which water is boiled. 
This incrustation always accumulates in the boiler 
of a hnt-water apparatus in which hard water is 
used, and forms a coating, var^g in substance 
from the thinnest lamina to two or three inches in 
thickness. When this deposit of saline matter 
occurs in a boiler, not only is less heat received by 
the water, in consequence of the conducting power 
being lessened by the interposed substance, but the 
boiler will be much injured by the increased heat 
of its external surface, and more fuel will be con- 
sumed. 

The quantity of sediment formed in a hot-^ater 
apparatus, however, bears no comparison in ordi- 
nary cases with that of steam-boilers. In the latter, 
the quantity is so large as sometimes to reciuire its 
removal at least once in every tliroe or four days, 
and sometimes even oftener. But, as there is 
scarcely any evaporation from a hot-water boiler 
under ordinary circumstances, the quantity of sedi- 
ment is so small, if the water is good, that the 
boiler does not require cleaning out even after 
many years' use. This remark, however, will not 
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apply to such forms of apparatus as Mr. Rendle's or 
Mr. Corbett's (Art. 144 and 147); for, in these, the 
evaporation of the water is so great that the sedi- 
ment in the boiler must necessarily be very consi- 
derable ; and, without proper care, it may become 
a most serious evil; Owing to the extreme small- 
ness of the boilers used for hot-water apparatus, it 
is very difficult to clean them from sediment, and 
with the majority of them it is impossible. When, 
therefore, such boilers are applied to an apparatus 
on the tank system, or to Mr. Corbett's open 
troughs, they will probably fail in a comparatively 
short time, unless the use of rain water be strictly 
adhered to. The plan of open troughs cast on the 
pipes (Art. 147), is not of course hable to the same 
objection ; for, however large the evaporation may 
be, the boiler cannot be affected by it, as the 
sediment will necessarily remain in the troughs, 
and can easily be removed. 

(166.) This kind of sediment can only be removed 
from a boiler with great difficulty. It consists, 
principally, of carbonate of lime and sulphate of 
lime, together with the sulphates of soda and mag- 
nesia, and several other salts, varying considerably 
in different localities. A weak solution of muriatic 
acid (one part of acid by measure to 20 or 30 parts 
of water) will generally reduce this concreted sedi- 
ment into a substance of less tenacity, which may 
then be removed with slight mechanical force. By 
using rain water the inconvenience arising from 
these deposits will, however, be entirely avoided, 
and the apparatus will both last longer and be more 
efficient. 

(167.) Some inconvenience has occasionally been 
experienced ,when a hot-water apparatus has been 
left for a long time without being used, and exposed 
to considerable degrees of cold, by the water 
becoming frozen in the pipes ; for it is not only 
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difficult in such cases to thaw the water, but some- 
times also the pipes crack. To prevent the pipes . 
from cracking, it will generally be sufficient to draw 
off a portion of the water, so that the horizontal JT-I 
pipes shall not be quite full ; for the cracking of the -^^ 
pipes arises from the sudden expansion which takes .^^ss 
place in the water, at the moment of its passing-^^§ 
into the solid state of ice. But when the apparatus-^^s 
is not likely to be used for a considerable time, it-zi^t 
would be much better, if the weather be very cold_^ J, 
to empty the pipes entirely of water ; for it iss 
always troublesome to thaw the water when once; 
frozen in the pipes.* But in an apparatus used^E=]'] 
in a building of which the temperature is always 
above 32°, this is obviously unnecessary, as the- 
water cannot then be frozen. A plan, however^ 
may be adopted which will effectually prevent the 
water freezing with any ordinary degree of cold^,*- 
namely, by using salt water in the apparatus, in- 
stead of fresh water. This plan would certainly 
be somewhat injurious to the apparatus, on account 
of the action of the salt on the iron ; but the injury 
would not be extensive, and would be very slow 
in its operation. Perhaps in this country such a 
plan is unnecessary ; hut should this kind of appa- 
ratus be adopted in colder climates, the suggestion 
might be useftil. The larger the quantity of salt 
which a given portion of water contains, the greater 
is the degree of cold necessary to congeal it. Thus, 
the quantity of salt contained in sea water is about 
three per cent.;f this requires, according to Dr. 

* It ia ft feet not generally known, that water which has 
been boiled freezes sooner than that which has not been boiled. 
This circumstance was observed by Dr. Black, in 1775 (" Philo- 
aophiod Transactions," vol. Ixv., p. 124). But it has since been 
remarked, that Aristotle, Pliny, and othera of the ancients, 
have noticed the same feet in their writing (" Memoirs of the 
Afanchester Philosophical Society," vol i, p. 261). 

-)■ This qnantity varies consiilerably in different localities. In 
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Marcet^ a temperature of about 28^ to freeze it : 
but if the quantity of salt be increased to 4*3 per 
cent., the water will not freeze until the cold be 
reduced to 27i** of Fahrenheit, or 4^° below the 
ordinary freezing point of fresh water. When the 
water contains 6*6 per cent, of salt, it will not freeze 
until the temperature be reduced to 25 i** of Fahren- 
heit; and if it contains 11*1 per cent., the tempera- 
ture must reach as low as 21^"* before the water 
will congeal.* 

The effect which would be produced on cast- 
iron pipes and boilers, by any of these quantities of 
salt, would not be of much importance ; although, 
in process of time, it would certainly, in some 
degree, corrode the apparatus.f When the appa- 
ratus has been once filled with salt water, the 
waste which occurs in the water, by evaporation, 
should only be supplied with fresh water ; for as 
the salt does not evaporate, the same quantity of 
salt will remain in the apparatus, and will combine 
with the fresh water when added. 

(168.) As water at a medium temperature can 
hold in solution nearly 36 per cent, of common 
salt (chloride of sodiimi), and nearly 40 per cent. 

the English Channel the quantity is as above stated; but on 
the coast of Spain it contains about 6 per cent., while the water 
of the Baltic only contains about 1^ per cent. Between the 
Tropins the quantity is very large; — as much as 10 per cent, is 
stated to exist in some of the tropical seas and oceans. — (Ure's 
" Chemical Dictionary," art. " Muriatic Acid.") 

* Ure's " Chemical Dictionary," art. " Caloric;" and " Blag- 
den's Experiments," " Philosophical Transactions," vol. Ixxviii., 
p. 279. 

f A remai'kable difference obtains in the rate at which oxyda- 
tion acts on cast and on wrought iron. Hard cast iron will 
resist oxydation about three times as long as wrought iron; 
and, according to the experiments of Mr. Daniell, the same 
difference exists in the length of time requisite to produce a 
given effect by acids. The effect on soft cast iron will approach 
nearer to that of wrought iron, varying with its hardness. 



at the boiling temperature, there is no fear of any 
deposit forming in the boiler from this cause.* 
The reason of a deposit formuig in boilers where 
hai'd water is used, is, because the water leaves 
behind, on evaporation, the saline compounds 
which it held in solution ; and as the water which 
is added to supply the place of that which has 
evaporated likewise contains the same extraneous 
matter, the quantity presently becomes larger thsm 
the water can hold in solution, and the residue is 
precipitated and hardened by the heat of the fire. 
All the salts of lime, which are usually contained 
in hard water, are likewise soluble in this fluid 
only in a very limited degree. For instance, sid- 
phate of hme, one of the most common ingredients 
in hard water, is soluble in it only to the extent of 
one-fiftli of one per cent., and carbonate of lime in 
a still smaller proportion ; therefore the precipita- 
tion begins to take place so soon as the quantity 
exceeds this small amount. 

(169.) In the 9th and 10th chapters, some of 
the most important of the laws of heat, which are 
applicable to the general subject of this treatise, 
are described ; and also the experimental data on 
which are founded several of the calculations given 
in the preceding chapters. Those who are desirous 
of investigating for themselves the accuracy of the 
various rules which have been given, will thus be 
enabled to judge of the subject in its more scien- 
tific hearings. 

(170.) Before concluding these remarks, how- 
ever, it may be proper to observe that this method 
of heating buildings by hot-water always requires 
to be accompanied by an cfhcient mode of ventilar- 
tion : for, even though tlie air may not be injured 
by the apparatus employed to heat it, the air of all 

• ITre's " Chemical Dictionary," art " Salt." 
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inhabited rooms must necessarily be deteriorated 
by the respiration of the inmates. This remark 
would have been superfluous, were it not that 
cases have occurred where the evils that have 
arisen from defective ventilation have been errone- 
ously attributed to this plan of warming by 
hot-water; and the vapoiu* which is given off 
from the lungs of the inmates of a room, and, 
under these circumstances, is condensed upon the 
windows, has been supposed to arise from the 
water in the apparatus being converted into steam, 
and escaping through the joints of the pipes. If 
this were a solitary opinion, it might, like many 
others equally erroneous, be passed over in 
silence; but as this has been seriously objected 
against the invention by many who ought to know 
better, it may be worth while to state the cause 
more at length. 

(171.) The quantity of vapoiu* given off from 
the lungs, and also by exhalation from the skin, 
has been estimated at from twelve to thirteen 
grains per minute. If, in consequence of imper- 
fect ventilation of inhabited rooms, the air cannot 
escape ^fter it has received this additional quantity 
of vapour exhaled from the body, it must, as soon 
as it has acquired a larger quantity of moisture 
than the temperature of the external air will sup- 
port in the form of vapour (Art. 289), deposit a 
portion of it upon the glass ; because, the glass 
being nearly of the same temperature as the 
external air, whatever quantity of the internal air 
comes in contact with it, its temperature is imme- 
diately lowered, and the excess of its vapour is 
condensed upon the surface of the glass. Thus, 
suppose the temperature of the air in a room to 
be Qb"", and the dew point 55°, then, if the tempe- 
rature of the external air be only 35% as much 
of the air in the room as comes in contact with 
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the ^aas will depo^ whatever vapour ii eoataina 
above the qoancity that a temperature of 3a' will 

enable it to soiitaic Under these circumstances, 
the arootmt deposited oo the r;la=s will be (Art. 
2S0) about two grains for each cubic foot of air 
that Li cooled by the glass ; and the same effect, 
though in a less degree, will take place on all the 
other cold surfaces La the room. As each square 
foot of gla^ will cool one and a quarter cubic 
feet of air per minute, from the internal to the 
external temperature (Art. 101), we shall find that, 
under the circtmistances we have supposed, — which 
is purposely taken as an extreme case,^ — the quan- 
tity of vapour deposited in this manner will amount 
to two and a hali' grains per minute on each square 
foot of glass. 

( 1 72.) We need be at no loss, then, to discover 
the cause of this accumulation of vapour on the 
windows and walls of rooms which are badly venti- 
lated ; and whenever the quantity of moisture thus 
condensed appears to be considerable, it may be 
taken as good endence that the ventilation of the 
room is imperfect. That the same amount of con- 
densation does not result from the use of hot-air 
and cockle stoves, is in consequence of a portion 
of the vapom* being decomposed by the intense 
heat; but when this method of avoiding the incon- 
venience is adopted, a worse evil is produced than 
that which is attempted to be removed, although, 
perhaps, it is not so obvious to the sight. 

(173.) A similar error is very frequently com- 
mitted in the construction of drying closets and 
rooms intended for diying various articles in manu- 
factures and the arts. It is frequently supposed 
that a sufficient degree of heat is alone what is 
required for this purpose ; and the amount of venti- 
lation is considered quite an unimportant matter. 
It needs scarcely be observed that the reverse of 
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this is the proper course ; and that ventilation is^ 
in these cases^ of far more importante than the 
degree of heat maintained in the room, 

(174.) The experiments of Dr. Dalton long since 
demonstrated that evaporation was independent of 
the air; that the vapom* arising from any liquid 
depends upon its temperature; and that the air 
retards the velocity of the discharge by its vis 
inertice.* If the air were wholly removed from 
the surface of the water, the vapour proper to 
the particular temperature would be discharged 
instantaneously, instead of rising gradually, as 
when the water is exposed to the atmosphere. The 
quantity of evaporation is not affected by these 
causes. If water be placed under the receiver of 
an air-pimip and the air exhausted, the fiiU quan- 
tity of vapour which can be formed at that parti- 
cular temperature will rise instantaneously ; but if 
the air be allowed to fill the receiver, the same 
quantity of vapour will rise, and it will have slowly 
to filter its way and disperse itself through the 
air which fills the receiver. In these cases, we of 
course suppose that the vapour is not removed; 
but that, when once formed, it is allowed to remain 
in the receiver, and that the temperature is kept 
constantly the same. But when the vapour is 
allowed to escape, or to condense, the rate of its 
formation is very different in air and in vacuo ; for* 
Mr. Daniell's experiments proved that, in the same 
time, the quantity of vapour raised from a con- 
stant surface of water, in vacuo, and in air of 
atmospheric density, was as 90 to 1 ; and that at 
all intermediate pressures the quantity of vapour 
was inversely proportional to the elasticity of the 
incmnbent air.f 

* " Memoirs of the Manchester Philosophical Society," vol. v., 
p. 575; and "Philosophical Magazine," voL xvi., p. 346. 
-f" " Quarterly Journal of Science," voL xvii., p. 52. 
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When, however, the air possesses motion, its 
effect on the quantity of vapour emitted from the 
surface of water over which it passes will be very 
different. The effect is, then, to drive off the 
vapour from the surface of the evaporating body 
as fast as it is formed ; and this Dr. Dalton found 
to be proportional to the velocity of the air.* This 
latter case is precisely that with which we are con- 
cerned, while considering the effect of ventilation, 
and more particularly in the ventilation of drying- 
rooms. 

(175.) It is quite a mistaken notion to suppose 
that a better effect will be produced by preventing 
too rapid a motion of the air through drjang-rooras, 
for the purpose of allowing the air to imbibe more 
of the moisture by this means. The infiltration of 
moisture into the air, or the absorption of moisture, 
as it is generally called, is extremely slow, as the 
experiments of Daniell and of Leslie have proved: 
and therefore it is by the brisk motion of the air 
driving off the vapour as fast as it is formed, that 
the piincipal effect is produced in the ventilation 
of drying-rooms.f The quantity of air which really 
becomes humid by such means, is extremely small^ 
and Leshe has estimated that, in a case of ordinary 
evaporation, where the air possessed but small 
velocity, only the ISlth part of the air that passed 
over the wet surface became saturated.J 

(176.) It is extremely difficult to estimate the 
quantity of heating-surface that is required for a 
drying-room ; for not only will the temperature 

* "Memoirs of tlie Manchester Philosopliical Society," vol v., 
p. 576; and Watson's " Cteruical EHsaya," vol. iL, p. 57, 

■f The drier the air the more rapidly -will it absorb the 
moifiture exhaled into it; but, under any condition of diyueatL 
the absorption of moisture will be much less rapid by the air 
than its dischtu^e from the vaporising body, when the pressiire 
and resistance of the air is removed. 

i Leslie, " On Heat and Moisture," p. 8G. 
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vary greatly with the nature of the substances to 
be dned^ but also with the degree of dampness 
they possess^ and also with the amount of ventila- 
tion. The same quantity of heating siuface that 
would raise the temperature of a ^ying-room to 
80** or 90® with an imperfect ventilation, might pos- 
sibly not heat it above 60** or 70** if the ventilation 
were perfect ; and yet in the latter case, probably, 
the drying effect would be greater than in the 
former. This, however, is not without certain limi- 
tations in its operation. Whenever the ventilation 
is sufficient to carry off the vapour as fast as it is 
formed, anjrthing beyond this must be injurious, as 
it will lower the temperature of the room, without 
promoting the dispersion of the vapour; and we 
have already seen that the quantity of vapour 
raised depends, in the first instance, upon the tem- 
perature of the vaporising body. When, however, 
an atmosphere of vapour exists immediately around 
the body emitting the vapour, the emission is 
enormously reduced, and sometimes even wholly 
stopped; and this will occur, however high the 
temperature of the vaporising body and of the air 
may be. In this case, therefore, even a very much 
lower temperature, accompanied by a brisk motion 
of the air, would be far more effectual than a high 
temperature with defective ventilation. 

(177.) For common drying-rooms, where articles 
of various thicknesses are dried at the same time, 
and where the quantity of moisture to be evaporated 
is considerable, it has been found that 150 square 
feet of heating surface to each 1000 cubic feet of 
space, produces a temperature of about 120** when 
the room is empty and the ventilating apertures 
are closed. The temperature falls about 15** to 20** 
on opening the ventilating apertures ; and when the 
room is filled with wet clothes the temperature 
falls to about 90% and sometimes considerably 
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lower, varying with tlie nature of the articles which 
are placed in the room. Mr. Buchanan states* 
that about 63 square feet of steam-pipe to 1000 
cubic feet of space produced a temperature of 100° 
in a drpng-room ; and in another instance, 44 
square feet of heating surface to 1000 cubic feet of 
space produced a temperature of 86" in a drying- 
room, both being partially filled with damp goods. 
The temperature of the steam is not stated in tliese 
instances ; but the pipes would naturally be some- 
what hotter than hot-water pipes, and therefore 
less surface of them would be required ; but the 
quantity of pipe thus given is considerably less than 
was required in any instance which has come under 
the author's own knowledge. In general, it would 
not be safe to use much less than 150 square feet 
of heating surface of hot-water pipes to 1 000 cubic 
feet of space, in any drying-room used for general 
purposes, where quick drying is essential. For 
manufacturing purposes it will often happen that 
much smaller quantities of heating surface will 
suffice ; for the goods often contain far less 
moisture, and are not required to be dried so quick 
as in a common closet for drying linen. 

Tredgold has given rules for calculating the 
required lieating surface for drying-rooms for dif- 
ferent purposes, but they are much too refined for 
ordinary use.-f- A large amount of heating sur&ce 
is, however, absolutely indispensable where quick 
drying is at all required ; but attention to the perfect 
ventilation of the room is of more importance than 
its actual temperature. It is also most desirable 
to have some ready means of altering the quantities 
of air admitted into a drying-room ; for not only is 
it desirable, if possible, to alter the quantities of 

• Buchanan's "Treatise on Economy of Fuel," eta, pp. 211 — 
218. 

■f- Tredgold, "On Heating BiiildingH by Steam," p. 2il,et etq. 
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air admitted at the different stages of the drying 
process, but in different states of the weather the 
quantities of air admitted ought to be likewise 
altered. When the air is very humid, much less 
air ought to be admitted than in dry, bright wea^ 
ther ; for in damp weather the drying process will 
go on much faster, in proportion as a less quantity 
of air is admitted, and a higher working temperature 
maintained in the drying-room. In dry weather 
the opposite of this will often be desirable ; and a 
much larger quantity of air may advantageously 
be admitted under these circumstances. 

(178.) The physiological effects resulting from 
particular modes of warming and ventilating inha- 
bited rooms, form a most interesting subject of 
inquiry ; and are not only interesting as matters of 
scientific research, but they closely concern every 
individual member of the community. It is a 
question which affects not merely the personal 
comfort of individuals, but, according to the opinion 
of the ablest pathologists, it influences the health, 
and affects the duration of life. In a subsequent 
chapter we shall endeavoiu* to trace some of the 
physiological effects of various methods of artificial 
heat, and the most important consequences will be 
found to result from the use of some of these 
different inventions. 
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(179.) However various are the methods by ' 
which artificial heat b di^trihuted in the wamdi^ * 
of buildings, they are all reducible to certain rales," 
which constitute the primary" laws of heat. These • 
laws are ven- numerous, and some of them ex-' 
tremely complicated ; but they possess a very fa%fa i 
degree of philosophic interest. They are fer too * 
extensive, however, lo allow in this work even a 
bare outline of all (he various phenomena to be ' 
given, which this branch of science exhilHts. But ' 
in the present chapter, such of the laws of heat as* 
relate to the subject more immediately before tis 1 
shall be stated, in order to afford a more ready and ' 
convenient reference to those who wish to study ' 
the scientific principles of warming buildings by i 
artificial heat. 
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(180.) There are four distinct properties of heat, 
which all bodies possess in a greater or less degree, 
which we shall first consider. These are, radiation, 
absorption, conduction, and re/lection. There are 
also others, which will be subsequently mentioned, 
such as the specific heat of bodies, their change of 
state, and other subjects connected with their che- 
mical constitution. 

(181.) Heated bodies give off their caloric by 
two distinct modes — radiation and conduction. 
These are governed by different laws : but the rate 
of cooling by both modes increases considerably in 
proportion as the heated body is of a greater tem- 
perature above the surrounding medium. This 
variation was long supposed to be exactly propor- 
tional to the simple ratio of the excess of heat; 
that is to say, supposing any quantity of heat given, 
oflF in a certain time at a specified difference of 
temperature, at double that difference twice the 
quantity of heat would be given off in the same 
time. This law was originally proposed by New- 
ton, in the Principia, and although rejected as 
erroneous by some philosophers, it was followed by 
Richmann, Kraft, Dalton, Leslie, and many others ; 
and was usually considered to be nearly accurate, 
until the masterly and elaborate experiments of 
MM. Petit and Dulong, proved, that although ap- 
proximately correct for low temperatures, it becomes 
extremely uiaccurate at the higher degrees of heat. 

(182.) The cooling of a heated body, under ordi- 
nary circumstances, is evidently by the combined 
effects of radiation and conduction. The conduc- 
tive power of the air is principally owing to the 
extreme mobility of its particles ; for otherwise it 
is one of the worst conductors we are acquainted 
with, so that when confined in such a manner as to 
prevent its freedom of motion, it is a most usefiil 
non-conductor. 
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cted from the experiments of Petit and Dnlong, 
^ given. The first column shows the excess of 
^^Xnperature • of the heated body above the sur- 
"^^Xmding air ; f the second column shows the rate 
^"f cooling of a thermometer with a plain bulb ; and 
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Ezceasof 

Temperature of 

the Thermometer 

above tiiat of 

the Air; 


Total Velocity 

of Cooling of the 

naked Bulb. 


Total Velocity 

of Cooling 
of Bulb covered 
with Silver Leaf. 


Amoimt of 
Cooling due to 
Conduction of 
the Air alone. 


Centigrade Scale. 








260» 


2442 


10-96 


8-10 


240» 


2M2 


9-82 


7-41 


220» 


17-92 


8-59 


6-61 


200" 


15-30 


7-57 


5-92 


180" 


13-04 


6-57 


5-19 


160" 


10-70 


5-59 


4-50 


140" 


8-75 


4-61 


- 3-73 


120" 


6-82 


3-80 


3-11 


100" 


5-57 


3-06 


2-53 


80" 


4-15 


2-32 


1-93 


60" 


2-86 


1-60 


1-33 


40" 


1-74 


•96 


-80 


20« 


•77 


•42 


•34 


10» 


•37 


•19 


-14 



* The temperatures in all these experiments of Petit and 
Dulong are expressed in degrees of the Centigrade thermometer. 
As the zero of this thermometer is the freezing point of water, 
and from that to the boiling point of the same fluid is 100° — in 
order to find the number of degrees of Fah/renheiCs scale, which 
answers to any given temperature of the Centigrade, multiply 
the number of degrees of Centigrade by nine, and divide the 
jproduct by five ; add 32 to the quotient thus obtained, and this 
sum will be the number of degrees of Fah/renheit required. As, 
however, in the above Table, the temperatiures given are only 
tbe<«z»e>«, and act the absolute temperatures, the 32*" to be 
i^od hY tbip rule must be omitted. 

+ Jn these experiments the temperature of the air was at 0° 
Centilgrad^, therefore these temperatures are both the excess and 
also the absolute temperatures. 

N 2 
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tho third column gives the rate of coaling w^en the 
liulb was covered witli silver leaf. The fourth co- 
lumn shows the amount due to the cooling of the 
air alone ; and by deducting this from the secortd 
and third columns respectively, we shall find whal 
is tlic amount of radiation under the two d'lfferem 
states of surface, noticed at the top of the second_BSl 
and third columns. 

(1S7.) Some vei-y remarkable effects may bi— ^^ . 
pcrcmcd by an inspection of the above Table. It^'JIC 
aiJpears that the ratio of heat lost by contact of thf^^ jc 
air alone is constant at all temperatures; that is^-^^s, 
whatever is the ratio between 40° and 80°, for in — Mr^- 
stancc, is also the ratio between 80' and 160", oH-«:=)r 
between 100' and 200". This law ia expressed bj^;«y 
the formula — 



where t represents the excess of temperature, anc:^ *d 
71 a number which varies with the size of the heatec^ "^d 
body. In the case represented in the foregoin^^-*g 
Table, w== 0-00857. 

(188.) Another remarkable law is, that the coo^^ ^ 
ing effect of the air is the same for the like excess o 
heat on all bodies without regard to the particulai 
state or nature of their surface. This was ascertainecrr:' 
by Petit and Dulong, in a series of e.vperimenta no '*' 
necessary liere to detail, but which abundantly 
prove the accm^cy of the deduction.* 

(189.) By comparing the second and third co- 
lumns in the preceding Table, it will be immediately 
perceived that the loss of heat by radiation (de- 
ducting the cooling by conduction of the air, given 
in the fourth colunm) varies greatly with the nature 
of the radiating surface ; though, whatever be the 
nature of the smface, the loss of heat follows the 
same law in all cases, though in a different ratio. 
* " AunatH of Philoso|ihy," voL *Hi, ' ' ." ^ i i 
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fltlft'iSbpuldlbe obseryed, that in this Table the 
oihI, third, and fourth columii&show the number 
-ofi degrees of heat which were lost per minute by 
Itlie body wliich was the subject of experiment ; and, 
[therefore, these numbers represent the velodiy of 
coohng. 

When the numbers in the last column are de- 
ducted from those in the second and third columns, 
the difierence will show the loss of heat by radiation, 
'for the plain and silvered bulb respectively; the 
fourth column being the loss by conductloii of the 
air, wliich is the same for all surfaces. It will 
immediately be perceived, therefore, that the loss 
iOf heat by conduction and by radiation bear no 
constant ratio to each other. But, while conduction 
proceeds by a regular geometrical progiession, 
radiation follows another law, viz., when a body 
cools in vacuo, surrounded by a medium whose temper 
Sralure is constant, the velocity of cooling, for excess 
]fif temperature in arithmetical progression, increases 
■j^ the terms of a geometrical progression, diminis/ied 
iy a constant quantity. This law is represented by 
•4ne. fonnula — 

p- 

t 



= Tra. o* («' — 1) 



Iwhere e is a constant quantity for all bodies=l -0077 ; 

tt the excess of temperature of the radiating body ; 

ytf the temperature of the surrounding medium ; 

and m a co-efficient, which varies with the size 

and nature of the radiating body, to be determined 

■/for each particular case. It will likewise appear 

,that when we compare the total coolmg of two 

iidifferent surfaces, Uie law is more rapid at low 

tttetQperatures, and less rapid at high temperatures ; 

sfbr the body, which radiates tlie least, in comparison 

.^iWith that which radiates with greater power. 

(190.) But the cooling of a body by conduction 
of the air differs from the effect of radiation in a 
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remarkable manner in this particular; — that, while 
the ratio of loss by conduction continues the same, for 
the same excess of temperature, whatever be the abso- 
lute temperatures of the air and heated body, — radia- 
tion increases in velocity, for like excess (f tempera- 
ture, when the absolute temperatures of the air and 
heated body increase. The following Table shows 
the law of cooling by radiation, for the same body, 
at different temperatures : 



, 






Temperatm'e 


the undBrmentinDed Tempcratorea, 




rherLoometer. 


0" 


20° 


40° 


60° 




220" 


8-81 


10-41 


11-98 






200° 


7-40 


8-S8 


10-01 


11-64 > 


180° 


6'10 


7-04 


8 20 


9-55 ^ 


160° 


4'89 


5-67 


6-61 


7-68 


140" 


3-88 


4-57 


5-32 


614 


120- 


3-02 


3-5 S 


4-15 


4-84 


100" 


2-30 


2-74 


315 


3-68 






It will be observed in this Table, that, when th- J 
absolute temperatures of the surrounding mediun*- . 
and radiating body are increased 20° of Centigrade^^ ' 
the difference between their temperatures continuin^^^° 
the same, the velocity of cooUng is multiphed bjt *^^ 
1*165^ which is the mean of all the ratios in th^ ^^^ 
above Table, experimentally determined. 

(191.) The total cooling of a body by radiatior^* 
and conduction, then, we shall find to be repre— ^"^^ 
sented, under all circumstances, by tliis formula— 

m .a^ («' — 1) + n.t^ 

The quantities a and b are constant for all bodies^ 
'underall circumstances; the first being= 1-007'^^ i 
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and the latter = 1*233. The co-efficient m will 
depend on the size and nature of the heated surface^ 
as well as upon the nature of the surrounding 
medium. The co-efficient n is independent of the 
absolute temperature, as well as of the nature of 
the sur£a.ce of the body; but will vary with the 
elasticity and nature of the gas in which the body 
is plunged ; t is the excess of temperature of the 
heated body> and ^ the temperature of the sur- 
rounding medium. 

(192.) The fact, already adverted to, that the 
ratio of cooling of those bodies that radiate least is 
more rapid at low temperatures, and less rapid at 
high temperatures, than those bodies that radiate 
most, is perhaps one of the most remarkable of the 
laws of cooling. It was first deduced experimentally 
by Petit and Dulong, and it may be mathematically 
proved from their formulae.* It appears, however, 
that, when the total cooling of two bodies is com- 
pared, the law is more rapid at low temperatures, 
for the body which radiates least, and less rapid, 
for the same body, at high temperatures ; though 
separately for conduction and for radiation, the law of 
cooling is, for the former, irrespective of the nature 
of the body, and for the latter, that all bodies pre- 
serve, at every difference of temperatiure, a constant 
ratio in their radiating power. 

(193.) To revert to the first Table in this chapter. 
We find the total cooling at 60^ and 120" (of Cen- 
tigrade), to be about as 3 to 7 ; at 60*" and 180% as 
3 to 13 ; and at 60" and 240% as 3 to 21 : whereas, 
according to the old theory of Newton, they should 
have been respectively as 3 to 6 ; as 3 to 9 ; and 
as 3 to 12. But we find that the deviation in- 
creases greatly with the increase of temperature, 
and that when the excess of temperature of the 

* " Annals of Philosophy," vol. xiiL, p. 335. 
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heated bodyy above < the; sorrQunding^yistasi 
as 240° of Centigrade (432' of Fahrenheit), the 
velocity of cooling is nearly double what it 
appear to be by the old and imperfect theory 
vatying, however, with the nature of the sioface. 

(I9i.) But radiant heat is subject to other lawr^ 
besides those we have yet considered. Rays orf" 
heat diverge in straight lines from every part <tf a. 
heated surface, and likewise from extremely minute 
depths below the surface of hot bodies, being sub- 
ject to the laws of refraction, the same as light. 
The intensity of these rays decreases as tJie square 6J 
the distance, and the emission of the rays is greatest 
in a line perpendicular to the surface. The samB 
law obtains here, also, as with light — ^that the effect 
of the ray is as ike sine of the angle which it forms 
with the surface from which it emanates.* This 
law of the sines, first discovered experimentally by 
Leslie, su^ests a practical caution connected with 
the subject before us, namely, that the shape of the 
pipes used to warm a building, is not wholly unim- 
portant ; for, if flat pipes be used, and they be laid 
horizontally, the ma.jor part of the radiated heat 
from the upper surface will be received on the 
ceiling, and therefore wUl produce but Uttle bene- 
ficial effect. The loss sustained in this way will 
'be gi'eater in proportion to the higher temperature 
of the pipes ; for it will be seen by the Table at the 
beginning of this chapter, that the relative propor- 
tion wliich radiation bears to conduction, increases 
with the temperature : at the ordinary temperature 

• This law is thus atateJ by JFourier :— " The rays, of lieat 
■which wtsue under different angles from the same point cif 'the 
surface of any body, have an intensity which deoreasSa prtipdS 
tionally to the sine of the angle formed by theii; direction with 
the plane tangential to the surface at the poiat 6f emisBioo." — . 
Londffn and Minbv/rgh jPkilonophiatl Ma^asine, vol. iiL jj. 104 ; 
tjso, S^MTt, British Seimtj^A.aso<ddtiffft, toI iV. {I83fi)ijp. 28. 



fmnffcms^A x^ hbat. 



1S5 



ia$i\ l»etm^i»t^t^m^riiltK)}3t\ 'one4-ftHirtii><>thb> total 
^6*firDKri^cl^idde-toi*y(fifttibn] '^ -^i^ '^^n'. . .- • ri. 

yUi()W5iy^^B'itijditildan (^ heat, we have already 
. ^eenpM&^:>gji0atly' either increased or diminished, 
aceMdiRg-*46^'the- i^d^ure of the surface of the 
-iwufiatittg^ >b^3t : professor » Leslie has given the 
»folkywihg m -the relative powers of ra^ation by 
^diflferent subsrtances : * 






Table Vm. 



'fikciling Wax 
tQi^wn Glasi^ ... 

lise ' . . 
He^Lead '. . 

TbUyerlFilmofOil 



...100 

."100 

96 

95 
90 
88 
85 
80 
80 
75 
59 
5i 
5^1 



T^o^niiMied Lead . 
Thin Film of Jelly (one 
quarter of former) . 
Tin scratched with Sand- 



45 

38 



paper 
Mercury 
Clean Lead . 


22 

20 
.19 


Iron, poh'shed 
Tin Plate . 


15 
12 


Gold) Silver, and Copper 
Thin Lammsd of Gold, 


12 


Silver, or Copper Leaf, 
on Glass . 


12 



it.. J- . 



''' > (196.)' It is very generally supposed that colour 
fens a considerable influence on radiant heat, and 
also upioti the absorption of heat — the two effects 
being similar and equal. Sir Humphrey Davy, by 
expo^g surfaces of various colours to the heat of 
the! sun, proved experimentallyf that the absorbing 
power' of different colours was in this order: — 
black, blue, green, red, yellow, and white ; black 
being the best, and white the worst absorbent. In 
this order, then, we should expect to find the 
radiating powers of different colours, and that by 
painting a body with a dark colour we should 

* Leslie, "On Heat," pp. 81—110. 

+ Beddoe's " Contributions," p. 44 ; also, Dr. Stark's " Re- 
searches on Heat, "Philosophical Transactions," 1834; and 
'' Repertory of Arts," 1834, pp. 257, 312. 
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increase its power of radiation. This, however, is 
not the case ; and there are the strongest reasons 
for supposing that the absorption and radiation of 
simple heat — that is, heat without light, or heat 
from bodies below lumhiosity — are wholly irre- 
spective of colour, and depend upon the nature of 
the surface. 

(197.) By comparing the residts given in the 
ahove Table, it will appear that the radiation of 
heat bears no relation to colour, when the radiating 
hody is below the tenaperature of boiling water. 
By the Table it appears that lanip-hlack and white 
paper are nearly equal in power ; while Indian ink 
is much less, and black-lead still lower in the scale ; 
though as far as colour only is concerned, these 
last are nearly the same as lamp-black. Pi'ofessor 
Powell considers, as also did Leslie, that softness 
may probably tend to increase the radiation of simple 
heat ; * and the former found that a thermometer- 
bulb coated with a paste of chalk was affected (hy 
this khid of heat, — that Is, heat below luminosity) 
even more than a similar one coated with Indian 
ink ; but the same result does not occur with 
luminous hot bodies.f Professor Bache has like- 
wise made an extensive series of experiments on 
this subject, which confu-m this result.J The ex- 
periments of Leshe proved that radiation proceeds 
not only from the suiface of bodies, but also from 
small depths below the surface ; and therefore the 
thickness of coating of any good radiating substance 

* It ia necessary to distinguish particularly' liet ween aimph 
heat from bodies of a limited temperature, and that wliioh is 
given off from hinurums hot bodies. From these latter, tha 
expertmenta of Nobili and Melloni prove the existence of two 
distinct kinds of heating raj8 given off at the same time from 
the same body, 

t Professor Powell's " Report on Heat ; British Scientific 
Association," vol. i., p. 279. 

i Ibid, vol. is. (1840). p. 18. 
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rznaterially afiPects Hie results, as may be observed 
t>y the above Table.* The thickness which pro- 
duces the greatest effect, however, probably varies 
^with different substances ; and it is therefore 
Tiecessary to separate this effect from an)rthing 
merely resulting from the colour of the heated 
l)ody. Professor Powell, after an elaborate exami- 
nation of all the phenomena attending the heat 
received from the sun, is of opinion that there is no 
dmple radiant heat received by us from the sun's 
rays ; and that the simple radiant heat, which no 
doubt is initially radiated from the sim, is absorbed 
by the atmosphere of that luminary, some small 
portion, perhaps, which escapes, being stopped in 
the higher regions of our own atmosphere.f The 
experiment of Sir H. Davy, on the absorption and 
radiation of solar heat, by different coloiu^, is 
therefore not applicable to the case of simple heat, 
or such heat as is given out by bodies below lumi- 
nosity. And in conformity with this view is the 
experiment of Scheele ; in which he found th^t if 
two thermometers filled with alcohol, one red and 
the other colourless, were exposed to the sun's 
rays, the coloured one would rise in temperature 
much more rapidly than the other; but if they 
were both plunged into the same vessel of hot 
water, they rose equally in equal times. 

(198.) We are ftdly justified, then, from these 
and other analogous experiments, in drawing the 
conclusion, that the rddiation of simple heat is not 
influenced by the colour of the heated body. Any 
difference which appears to obtain in this respect, 
is, therefore, solely referrible to the nature of the 
coloiuing substance. 

(199.) The effect of roughness of the surface was 

* LesHe, "On Heat," pp. 106—110. 

t "Report of the British Scientific Association," vol. L, 
p. 290. 
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alsoinve^tigated'bySir J. Leslie:! andhef(Hind<t}iat 
either tarnished surfaces, or such as are roughe^^ 
by emery, by the file, or by drawing sti'eaks or Im^ 
with a graving tool, always had their power of radia*- 
tion considerably increased.* The accuracy of tipfis 
deduction had not been questioned until some recent 
experiments of M. Melloni; by which U has hsm 
ascertained that this increased effect from rougheiwd 
surfaces is not a general law, but is only a particul^ 
result, forwhich anotherexplanation must be sought; 
M. Melloni experimented with four plates of < silver, 
two of whicli, when cast, were left in their natucftl 
state, without hammering, and the other two wete 
planished to a high degree under the hammer. All 
the plates were then finely polished with pimiiee- 
stone and charcoal ; and after this, one of each or 
the pairs of plates was roughened by rubbing with 
coarse emery paper in one direction. The quantity 
of heat radiated from these plat^ was as foUoivs : — 
j^-ii." ,(f, 

1^ ^j .Bwumered and polished plat« lO" ^ 

. „ and roughened „ 18° ' ' 

^1" ' -Cast and polished plate 13-7° ■■]<'} 

• •■'■ ''' ■' ' v, ' and roughened „ . ,.■...' 11'3° i .-.il 

Imeomparing these efiects, it appe&ra that theiiaxil. 
hammered plate increased in radiating power foui>— 
fifths by roughening its surface; while the soft.cast> 
plate lost nearly one-fifth of its power by the sam^ 
process. M. Melloni, therefore, draws the conchi — - 
sion tliat the roughness of the surface merely acts- 
by altering the superficial density, and that tliis witt—- 
vary according as the body is of a greater or ,lesi^^ 
density previous to the alteration of its surface fey — 
roughening.f ■'■■;■' i.iui 

" nJefilie, " On Heat," p. 81, ete. 

f Melloni, " On Emissive Power of Bodies," etc. ; " Cflmpte^^* 

Bendus de rAoadomie dea Siaences," and " Edinburgh Ptulpao 

phicol Journal," 1S38. ^ 
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(300:) It was deduced fi-ora expen'ments by Leslie, 
at 'the abxorpfive power of bodies for heat was very 
Itea'rly" proportional to the radiathe power :* aod 
^i\' Ritchie has subsequently proved that these 
JS«cts are precisely equal to each other.f 
p (201.) The velocity with which heat enters into 
Ind quits any body, is supposed to be equal; though 
bis velocity is different tor each different body. On 
Ibis property of bodies with regard to heat, many of 
*".e-experiment6 hate been founded which constUute 
e laws of heat. It has also been established by 
iei experiments of MM. Melloni and Nobiliy that 
tte radiating powers of surfaces, for simple heat, are 
H the inverse order of tfieir conducting powers. It 
bMows, therefore, that neither the radiating powers, 
tor the conducting powers of bodies, will discover 
neir actual rate of cooling comparatively with any 
Hher body. 

r (202.) We might be led to conclude, from all that 
trecedes, that those metals which are the worst 
ionductors would be the most proper for vessels or 
^pes for radiating heat ; because we find that the 
leat lost by contact of the air is the same for all 
lodies, while those wliich radiate most, or are the 
•orst conductors, give out more heat in the same 
Ime than those bodies which radiate least, or are 
ftiod conductors. Such would be the case if the 
ffesSels were infinitely thin ; but as this is not pos- 
Ible, the slow conducting power of the metal op- 
l&ses an insuperable obstacle to the rapid cooling 
jif any hquid contained within it, by preventing the 
jSBterior surface from reaching so high a temperature, 
pi would that of a more perfectly conducting metal, 
ider similar circumstances; thus preventing the 
■ss of heat, both by contact of the air and by radia- 

'"* Leslie, " On Heat," etc., pp. 19—98. 
^|^^o«riifll of the Royal InBtitution," vol. v., p. 305. 



190 0!r THE LAWS AND 

tion, the effect of both being proportional to the 
excess of heat of the exterior sur&ce of the heated 
body. If a leaden vessel were infinitely thin, the 
liqirid contained in it would cool sooner than iu a 
similar vessel of copper, brass, or iron : but the 
greater the thickness of the metal, the more apparent 
becomes the deviation from this rule ; and, as the 
vessels for containing water must always have some 
considerable thickness, those metals which are the 
worst conductors will oppose the greatest resistance 
to the cooling of the contained liquid, although 
apparently in opposition to the result of the preced- 
ing experiments. 

It is difificult on these grounds to account for the 
effect which lead paint has in preventing the free 
radiation of caloric from bodies coated with it; 
because, in this case, the lead must be extremely 
thin, and ought, therefore, to increase the amount of 
radiation. The effect probably arises from the total 
change of state which the lead undergoes by its 
chemical combination with the carbonic acid, in the 
process of making it into white lead. Practically, 
it is found to have an injurious tendency on the free 
radiation of heat from most bodies; varying, how- 
ever, with their radiating powers. On a good 
radiator, its effect is the most injurious ; on a bad 
one, leas so : but its use should be avoided as much 
as possible, in all cases where the free radiation of 
heat is the object in view. 

(203.) Various experiments have been made by 
Richmann, Ingenhausz, and Dr. Ure, to ascertain 
the conducting power of metals. Dr. Ure's results, 
which differ but little from the others, place the 
metals in the following order as regards their con- 
ducting power, namely — silver he fomid by far the 
best conductor ; next copper; and then brass, tin, 
and wrought iron, nearly equal ; then cast-iron 
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*suid zinc ; and lead he found by far the worst 
«f aU .♦ 

(204.) The only accurate experiments, however, 
"which have been made on this subject, are those 
l>y M. Despretz,* which give the following re- 
sults : — 

Table IX. 



Gold 


. 100-0 


Tin 


. 30-39 


Platma . 


. 98-10 


Lead 


. 17-96 


Silver 


. 97-30 


Marble . 


2-36 


Copper . 


. 89-82 


Porcelain 


1-22 


Iron 


. 37-43 


Fire Brick 


1-U 


Zinc 


. 36-30 







This Table gives a very useful practical enuncia- 
tion of the value of different substances as con- 
ductors of heat. But to ascertain the absolute 
conducting power of the various substances is 
extremely difficult ; the preceding Table obviously 
only shows their relative conducting powers. Ex- 
periments, however, have been made on the absolute 
conducting powers of some substances, which are 
of considerable practical value, although they leave 
much yet to be desired. 

(205.) M. Biot ascertained the conducting power 
of a bar of iron, by plunging one end of it into a 
bowl of mercury heated to 1024'* Centigrade (216i° 
Fahrenheit), and ranging along the bar eight ther- 
mometers at various distances from each other. 
The observations were made after the temperature 
became permanent ; the air during the experiment 
was 16F Centigrade (6P Fahrenheit), and the re- 
sults were as follow : 

* Ure's " Dictionary of Chemistry," Art. " Caloric." 
•J- Despretz, " Trait! de Physique,'* p. 201 ; and " Quarteriy 
J^xxtobI of Science," vol xxv., p. 220. Professor Daniel (^ Che- 
znicftl PhiloBorphy," p. 107) plaoes platina much lower in the 
scale than M« Deaprets^ 
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Table X. ' 





Distance 


Ezceu of 


Difltanoo 


Eioesa pf 


Ho. of 


fnun 


Tempemture 


from 






UetciUT, 


ubofs the iir 


Mercurj, 


nbove the Air, 






CsnlJgrftdB. 




Fahrenheit. 








86-25" 





155- 


1 


2-115 


29-375 


8-326 


53 


2 


3115 


17-5 


12-263 


3U 


3 


4-009 


11-25 


15-783 


20 


4 


4-970 


7-1875 


19-566' 


13 


5 


5-902 


4-6875 


23-236 


& 


6 


7-777 


2-1875 


30-618 
38-074 
45-495 


I 


7 
8, 


9-()7I 
11-656 


1-25 

Inaeuaible. 


2 
Insensible. 













In this Table, the first column gives the num- 
bers of the thermometers in their regular order 
the second column gives the distance of each ther- 
mometer from the source of heat, viz., the bowl ol 
mercury ; and the third column gives the excess 
of temperature of the thermometers above that o:tf 
the atmosphere, jneasured by the Centigrade scale — 
The fourth and fifth columns are the same as th^ 
second and third, only the measures are giver? 
according to the English Scales; instead of the > 
French. 

(206.) A similar experiment,* in -which the 
source of heat was melted lead, is given in the 
following Table. The temperature of the air was 
16'125'' Centigrade (64^° Fahrenheit), and that of 
the iron bar was not taken until it had been ex- 
posed to the heat of the lead for several hours, in 
order to insure permanence of temperature. 

* For these experimente, see Biot'a " Traits de Phyaiqne," 
toine iv,, p. 670, et seg. Also. " Keports, BritiBh Scientd&i 
Aasoomtion," voL x. (1841), p. 15, et seq. 
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Table XL 



. 


Distance 


Excess of 


Distance 


Excess of 


No. of 


from 


Temperature 


from 


Temperatm^ 


bermoinater. 




above the Air, 


Extremity, 


above the Air, 




Dedmeiera. 


Centigrade. 


Inches. 


Fahrenheit. 


1 


2-230 


76-875** 


8-78 


138-37** 


2 


3-230 


47-187 


12-71 


84-93 


3 


4120 


29-375 


16-22 


52-87 


4 


5-081 


17-812 


20-00 *' 32-06 


5 


6-028 


10-625 


23-73 


19-12 


6 


7-899 


3-750 


31-09 


6-75 


7 


9-783 


1-562 


38-51 


2-73 



(207.) A third experiment, also by M. Biot, was 
^^^^e with a bar of copper, plunged at one extre- 
^^^^^ty into melted lead. It had fourteen thermo- 
J^^ters ranged along it, of which, however, only 
^A^ven were available. The unit of distance was 
^ Ol milliometers,* and the temperature of the air 
^s 15-75** Centigrade (60^ Fahrenheit). 

Table XII. 



No. of 
i-Thermometer. 


Distance 

from 
Extremity. 


Excess of 

Temperature 

above the Air, 

Centigrade. 


Distance 

from 

"Extremity, 

Inches. 


Excess of 

Temperature 

above the Air, 

Fahrenheit. 


4 


5-25 


80-50^ 


20-87 


144-9° 


5 


6-25 


65-75 


24-85 


118-3 


6 


7-25 


53-75 


28-82 


96-7 


7 


8-25 


43-75 


32-80 


78-7 


8 


9-25 


35-50 


36-77 


63-9 


i ^ 


11-25 


24-00 


44-73 


43-2 


10 


13-25 


15-70 


52-68 


28-2 


11 


15-25 


11-00 


60-63 


19-8 


12 


17-25 


7-50 


68-58 


13-5 


13 


19-25 


5-25 


76-53 


9-4 


14 


21-25 


8-75 


84-49 


6-7 



* The milliometer is -03937 of an incli English measure, and 
therefore the 101 milliometers are equal to 3*97637 inches. 

O 
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(208.) Some experiments by M. Despretz^*. 
similar to the preceding, and extending also to- 
other substances, are contained in the following i 
Table. In these experiments the distance between ■ 
each of the consecutive thermometers was 10 cen- 
timeters (3*937 inches English), and the tempera- 
tures are given by the Centigrade scale. 



BvWHOf 




TempBTftr 


TeniMnture «bove 
^UwAir. 




tureofthe 
Air, 












Cantlgrade Scale. 


1 




a 


4 


5 


(> 


Centigrade. 


Copper . . . 


CCyAd 


4fi-28 


^2-R2 


24-32 


18-fi» 


]6-18 


17-08 


itsr . . . 


m-n 


Hfi-fiii 


iO-SM 


12 -33 


H-lSi 


(i-rti 


17-34 


Pewter . . . 


fi:t'4i 


■Mi-] 7 


^1-fi'/ 


Ifi-flV 








17-34 


Zinn. , 


(54-17 


^8-02 


^S'+P 


U-flS 








5-62 


Lead . . . 


lifl'ia 


an -4 a 


I4'9:- 


9-9ii 





^_ 


17-12 


Marble. . . 


63-91 


<i-08 


I'US 


1-47 


- 


— 


17-15 



In all these experiments the substances were 
exposed to the cooUng influence of the air. In 
Mr. Kelland's Report on the Lazes of Conduction of 
Heat, made to the British Scientific Association 
(vol. X.), the mathematical formulee of MM. 
Fourier, Libri, Poisson, and others, are given at 
considerable length, for estimating the conducting 
powers for heat ; but they are not suitable for 
insertion here. 

(209.) Experunents on the same plan as the 
preceding were made by MM. Delarive and Con- 
dolle on the conducting power of wood : the re- 
sults are given in the following Table.f They 
show the difference hi conducting power, accord- 
ing to the direction of the fibre. The bars of 

* " Traill *Ie Physique," par M. Despretz. 
"t" " Ann. de Chimie," vol. xl., p. 91 ; luid " Quartcrlj Joamnl 
of Sciencp," vol xxvii,, ii. 1S8. 
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W0Gd)iiiferc! abd^t five hicfaes long, oi:ie^and-a-half 
inch bvoad, • and: one inch thick. The first ther- 
nOLomet^^ was three centimeters (one and one- 
eighth inch EngUsh) from the end ; and the others 
were two centimeters (three-quarters of an inch 
English) apart from each other. The tempera- 
tures given are the excess above the atmosphere, 
at the respective distances fi:om the heated end. 



Table XIV. 



Names of the Woods. 



Walnut 
Oak. . 
Fir . . 
Poplar . 

Walnut. 
Oak. . 
Fir . . 
Poplar . 





No. of Thermometers, Centigrade Scale. 



80-13 
81-7 
84-0 
79-8 

99-5 
79-3 
70-9 
78-5 



43 
41-2 
39-25 
34-2 

37-43 
22-75 
13-8 
13-75 



19-63 
17-5 
20-6 
14-2 

13-9 
7-5 
4-5 
3-44 



9-19 
7-2 
8-5 
6-2 

60 
3-6 
2-5 
1-56 



5-13 

3-7 

3-7 

2-8 

3-25 
2-4 
1-9 
1-0 



(210.) Fluids, both in the liquid and aeriform 
state, are bad conductors of heat, unless they have 
perfect freedom of motion, in which case they 
become far better conductors than solids, on 
account of the extreme mobiUty of their particles.* 
Water, under liiese circumstances, is a far better 
conductor of heat than any of the metals (except 
mercury) ; and air, particularly when charged with 
moisture, is also an excellent conductor, under 
like circumstances. Count Rumford made some 
experiments to ascertain the cooling power of 

* In seriform fluids, radiant heat is transmitted with extreme 
rapidity without any visible motion of the particles; but this 
is a very different case to that stated in the text. 

o2 
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mfenxit 'flffi'ds, h'sstiA upon the piTiieiJilfe ffh« th^ 
contliicting power and absoibin^ power are"et[a&i.* 
Tlie mode of operating was to enclose a thenooi- 
meter in a glass-ball noii filled with the particular 
stihstance of which the conductm*; power was to 
be ascertained ; and to place it first in freering 
water, and then plunp:e it into boiling water. The 
respective times required to raise the thermometer 
from 0" to 70" Rcauinnr, were supposed to indi- 
cate the cmiducting powers of the different sub- 
stances, which would therefore be their cooling 
powers npon any heated body placed in then!. 
The folTowing Table shows the results of these 
experiments, the times being given in minutes and 
seconds. 



H'iuth-'-j. 


Times of Cooling. 


■ ' ' ■ U, 

Coiirluetios Pow«-. 


Morearr., .... 




0-36" 
1-31" 

1-57" 


1000 
330 
313 

80-41 

80-23 

78 

55 


Water 

Commoii Air . . . 
lUrefiod Air, density \ 
Do. do. A 


7-37" 
7-51" 

fO-53" 



These experiments, however, are by no means 
conclusive ; and there is every reason to believe 
that, by varying the method of the experiment, a 
vast difference would be found in the results. The 
glass balloon which surrounded the thermometer 
was only one inch and a half diameter, the tha> 
mometer itself being half an inch diameter. . This 
space was far too small to allow a free and rapid 

* Eumford's "Essays" v-o!. ii., p. 425. 



tJmtlQttifftiqf^gfililji^ g^j^J,^, Qfjhe ywious media 
^Wp)ioW^e ;the ^ubjwtxrf e^ land there- 

£9i3^i<tdp^r.cgs^uctlng powers of the liquids, which 
^l^€^<i^^ fetility of ^ moitiQii among their particles 
tha^ jthe< aeirifonn fluids, appear far less than they 
really are. Dr. Osborne ascertained the refrige- 
rdting power of water compared with air of the 
same temperature to be as 14 to 1,* while Riun- 
ford's experiments ^how it to be less than four to 
one : but there is reason to believe that when due 
provision is made for allowing perfect mobility 
among the particles of water, the cooling power of 
water will be very much greater than the amount 
:ey^n which is stated by Dr. Osborne ;f and Leslie 
states that water at the boiling point conducts heat 
five times more rapidly than the same fluid when 
near the freezing point. J 

(211,) The power of re/lection in all bodies is in- 
versely as their radiating power, as was experiment- 
ally determined by Leslie.§ The following Table 
shows the reflective power of different substances : 

* "Reports of the British Scientific Association," vol. iv. 
(1835), p. 96. 

■f Some experiments of the author led him to conclude that 

the conducting power of boiling water, compared with air, was 

fully double the amount stated by Dr. Osborne; and these 

agreed so well with the experiments of Mr. Parkes, already 

quoted (Art. 73, note), that the author was induced to adopt 

the proportion of 28 to 1 as the cooling power of water and air, 

in an extensive and peculiar apparatus which required the cool- 

' ing powers of these media to be properly adjusted. The result 

has proved that the cooling power of water is fully equal to 

this esti,mate; but it is probable that the relative conducting 

power v£|.yies with the temperature of the heated body. For 

"unless the temperature be sufficiently high to give fitee itkotion 

^^ tll^" 'pirticles of water, the cooling power will be reduced ; 

'Mile the same difference, can scarcely occur in the air, in con- 

^JEi^cpienc^ <rf ,t^e eo^treme mobility of the particles. The dimi- 

l^^fl^pdia^esion of liquids by increased temperature has been 

experimentally determined by Dr. Ure. (See Art. 223.) 

J Leslie, " On Heat and Moisture," p. 17. 

§ Leslie, " On Heat," pp. 20 and 98. 



SraBB 
BUver . 
Tinlbil . 
Block Tin 



• ^OS' THE B-AWS'-AWDt 
Tabij: XVL 
Lead 



Tinfoil aoftened by Mer- 
GlasM coated with Wax . 



(212.) The specific heat of different substances is 
a subject of considerable importance, as connected 
with the heating of buildings ; for on the theory of 
specific heat is based many of the calculations for 
ascertaining the proportions of the various appa- 
ratus employed. 

(213.) Every substance contains a certain dis- 
tinctive quantity of heat, called the specific heat of 
that particular body, which can be ascertained by 
mixing together (with proper precautions) known 
quantities of different substances. Thus, if a cer- 
tain weight of quicksilver, one pound for instance, 
of the temperature of 40", be mixed with the same 
weight of water, of the temperature of 156°, the 
resulting temperature will be 152'3''; so that the 
water will lose S'?" of temperature, and the quick- 
silver will be raised 1 12"3". Or, if a pound of water 
at 100° be mixed with a pound of oil at 50°, the 
resulting temperature will be 83'5° and not 75°, 
• which would be the mean temperature of the two. 
Thus it appears that the same quantity of heat that 
will raise a pound of water 1°, will raise the tem- 
perature of a pound of oil 2°, or a pound of mer- 
cury 23° ; and so of other substances, which all 
possess a capacity for caloric, each peculiar to itself. 
The following Table shows the specific heat of some 
of the principal substances which have been ascer- 
tained, chiefly from the experiments of Berard and 
Delaroche, and Petit and Dulong. They are all 
referred to water, as the standard, and are sup- 
posed to be the quantity of lieat contained in equal 
weights of the several substances.* 

* A further list will be found in Table V., Appendix. 
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i^ABLE 


XVII. 






Wat^j, . 
Aqueous vapoui 
Alcohol . 


, 1-0000 

r . 08470 

. 0-7000 


Oxygen . 
Carbonic Acid . 
Carbonic Oxide 


. 0-2361 
. 0-2210 
. 0-2884 


Ether 


. 0-6600 


Charcoal . 


. 02631 


Oil . 
Air . 
Hydrogen 
Azote 


. 0-5200 
, •^•2669 
. 3-2936 
. 0-2754 


Sulphur . 
Iron (wrought) 
Mercury . 
Platinum 


. 0^1850 
. 0-1100 
. 0-0330 
. 0-0314 


Oxide of Azote 


. 0-2369 


Gold 


. 00298 



(214.) It has, however, been much questioned 
whether the several substances possess the same 
capacity for heat at all temperatures; and MM. 
Petit and Dulong, as also Dr. Dalton, appear to 
have established the fact that the capacity for heat 
of every substance increases with the temperature ; 
or^ in other words, that the quantity of heat given 
out by any body in cooling a given munber of de- 
grees, is greater ^.t high temperatures than at low 
temperatures. The following Table exhibits the 
specific heat of Several bodies between the tempe- 
ratures of 0*" and 100% and also between 0** and 
300^ of Centigrade. 



Table XVIII. 



• 


Mean Capacity 


Mean Capacity 


Substance. 


between 0° and 100° 


between 0° and 300" 




Centigrade. 


Centigrade. 


Iron 


•1098 


•1218 


Mercury . 






•0330 


•0350 


ZlDC 






•0927 


•1015 


Aniimoxiy 






•0507 


•0549 


SUyer 






•0057 


•0611 


Copper 






•0949 


•1013 


Platinum 






•0335 


•0355 


Glass 






•1770 


•1900 

1 
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(21d.) But independent of the .sensiM^ heeatjifif 
bodies as ascertained by direct measurement, when 
any change of state occurs, as from the solid, to 
the liquid, and from the liquid to the triform, or 
vice versd, certaui quantities of heat enter into or 
quit the respective substances, which, not being 
directly measurable by the thermometer, have been 
termed latent heat. Ice at 32" requires 140" of heat 
to enter into combination with it, before it assunies 
the liquid state ; and it then becomes water, though 
still only at the temperature of 32°. And water at 
212° requires 1000° of heat to enter into combina- 
tion with it before it assumes the state of steam, 
though in the latter state it still only shows a ther- 
mometric temperature of 212°. The following 
Table gives the quantity of heat rendered latent 
when certain solitls assume the liquid state and 
certain liquids assume the state of vapours : the 
degrees are those of Fahrenheit's thermometer. 

Table XIX. 

TABLE OF LATENT HEAT.* 



Ot Liquids : by Dr. Irvine. 


Of Vaptrtira : bj Dr. Uro, 


Water . 

Sulptur , 

liad . 




140° 
143-7 
145 
162 


TapoiirofWaterat212°,1000* 
Alcohol . 467 
Ether . 312-9 
OilofTiirp. 183-8 
Nitric Acid 550 
„ Ammonia . 865-9 
Vinegar . 903 
Petroleum. 183;8 










493 

fiOO 
550 



(216.) Many important facts arise from the theorjK' 
of latent heat. One of the most important in regard ' 
to the arts, is the peculiar properties of steam. Biit 

* Dr. TTre'fl " Dictionai-y of Chemistry," Art. " Calorioi" , ' 



^fetffiteillithftWictekrly ]{>rWed that at all tfemj^ 
mtvafm^^^ l^^sti^^^tieaHfiebntainis exactly this 
sitoi^ 5 ttbsotefe qtiAntity of h^fc For, while tinder 
mdf^^M^pii^i^r^, steam can be ihade to exhibit 
aintt>fet any therttiometric temperature, the latent 
Meat of hi^^pressute steam always decreases exactly 
in the is^me ratio as its sensible heat increases, so 
tlkat itfe latkht and sensible heat together always 
amount to 1180^ abo^e the freezing point of water. 
Thus, a certain Weight of steam at 212% when con- 
densed itito water at 32", gives out 



Sensible Heat . . . 180 
Latent Heat . . . 1000 



o 



1180 



And the same weight at 400% when condensed into 
water at 32% gives out 

Sensible Heat . . . 368' 
Latent Heat ... 812 



1180 



The same holds good with steam at all other tem- 
peratures, and extends from 2 12° to the highest 
range of steam pressures. 

(217.) The phenomena of spontaneous evapora- 
tion presents' sonje important facts connected with 
the subjects of our present inquiry. To Dr. Dal ton 
we owe much of the knowledge which we possess 
of the laws that govern the vaporization of liquids ; 
audi his numerous experiments on the subject rank 
ai^ong the most valuable contributions to science. 
IJyaporation is distinguished from ebullition by this 
circumstance ;— that, during the latter phenomenon, 
the liqiuid which is converted iiito vapour maintains 
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an invariable temperature, provided ' the pressure 
upon it do not change ; whi^, with the formerj the 
temperature is constantly subject to cliange, ihe 
quantity of liquid evaporated being proportional to 
the teniperatiu^ and to the surface exposed. Eva- 
poration is wholly independent of the pressure of the 
tur, and is the sanie in a vacuum, in the natural 
atmosphere, or in a condensed metUum : but this is 
only true as regards the absolute quantity which caji 
exist in a given space, for tiie air is found greatly to 
impede evaporation by its inertia opposing a mecha- 
nical obstruction, and thereby retarding the time 
required for the operation, when such obstruc- 
tion does exist. In a vacuum, the evaporation is 
almost instantaneous; but, in a space containing 
air, the time required for the evaporation of the 
maximum quantity of vapour is longer in proportion 
to the deusitj' of the air, though ultimately the 
quantity is the same.* 

(218.) The quantity of liquid discharged into free 
space by spontaneous evaporation is, under these 
circumstances, much influenced by the motion of 
the air, which thus carries oflF the successive strata 
of vapour that rise from the hquid, a very strong 
wind causing about twice as much vapoiu- to be 
discharged as a still atmo^here. Dr. Dalton's 
experiments enable us to estimate the evaporating 
force under all circumstances. He asceitmned that 

* Professor DanieU made some expeiimeuts on tbia subject, 
by which he waa led to conclude that " the amount of evapora- 
tion is crtUris pwribtia in exact inverse proportion to the elaati- 
rity of the incumbent ajr." — i^Qiiarterly Jouirnai of Science, vol 
xvii., p. 52.) This remark, liowever, applies only to the r»te of 
evajKiration, and not to the quantity which can exist in a ^vBn 
space. Even irom ice, tlie evapor&lioii is very consideTabl« ; and 
some experiments of M. Scliuehler show, that during tbe very 
ccJdest weather, the spontaneous evaporation of ice in tbe open 
ait is sometimes nearly l<40l,h of an inch in depth from rach 
tkpiare foot of surfitco every 24 hours. — Qitarierfy JovmtU o/ 
Science, vol, xxvii., p. 1S7. 
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from a :circiilar vessel of six inches diameter^ kept 
at the temperature of 212% the quantity of water 
evaporated was 120 grains per minute in a still 
atmosphere^ 154 grains per minute with gentle 
motion of the air, and 189 grains per minute mth a 
brisk motion of the air. The temperature of the 
air does not influence the evaporation ; and he found 
that^ at any other temperature of the water, the 
evaporation was exactly proportional to the elastic 
force of the vapour at that temperature. 

The following Table was constructed by Dr. 
Dalton from his experiments : 

Tabus XX. 

Showing the force of Yapour and the full Evaporating Force for 
every Temperature, from 20° to 212° Fahrenheit, expressed 
in grains of water, that would be raised per minute from a 
vessel six inches in diameter, supposing there were no 
vapour already in the atmosphere. 



Temperature 
Fahrenheit. 


Force 

of 
Vapour 


ETaporating Force 
in Grains. 


Temperature. 
Fahrenheit. 


Force 

of 

Vapour. 


EvaporatinR Force 
in Grains. 


still. 


Gentle. 


Brisk. 


Still. 


Gentle. 


Brisk. 
4-24 


20» 


•129 


•52 


•67 


•82 


68« 


•676 


2-70 


3-47 


22 


•139 


•56 


•71 


•88 


70 


•721 


2-88 


3-70 


4-53 


24 


•150 


•60 


•77 


•94 


72 


•770 


8-08 


3-96 


4*84 


26 


•162 


•65 


•82 


102 


74 


•823 


3-29 


4-23 


517 


28 


•174 


•70 


•90 


1^10 


76 


•880 


^•52 


4-52 


5-63 


30 


•186 


•74 


•96 


1-17 


78 


•940 


3-76 


4-88 


5-91 


32 


•200 


•80 


1-03 


1-26 


80 


1000 


400 


5-14 


6-29 


34 


•214 


•86 


111 


1-85 


82 


1^07 


4-28 


6-50 


6-73 


36 


•229 


•92 


1^18 


1-45 


85 


117 


4-68 


6-07 


7-46 


38 


•245 


•98 


1-26 


1-54 


90 


1-36 


6-44 


6^98 


8-66 


40 


•263 


105 


1-35 


1-65 


95 


1-58 


6-32 


811 


9-95 


42 


•283 


113 


1-45 


1-78 


100 


1-86 


7-44 


9-54 


11-71 


44 


•305 


1-22 


1-57 


1-92 


110 


2-53 


10-12 


12-98 


16-93 


46 


•827 


1-31 


1-68 


206 


120 


3^83 


13-32 


17^09 


20-97 


48 


•351 


1^40 


1-80 


2-20 


130 


434 


17-36 


22-27 


27-34 


50 


•375 


1-50 


1-92 


2-36 


140 


5-74 


22-96 


29-46 


3616 


52 


•401 


1-60 


206 


2-51 


150 


7^42 


29-68 


38-08 


46-74 


54 


•429 


1-71 


2-20 


2-69 


160 


9-46 


37-84 


48-56 


59-59 


56 


•458 


1-88 


2*86 


2-88 


170 


12^13 


48^52 


62^26 


76-41 


58 


•490 


1-96 


2-62 


308 


180 


15-15 


60-60 


77-77 


95-44 


60 


•524 


2-10 


270 


3-80 


190 


19-00 


76-00 


97-53 


119-7 


62 


•560 


2-24 


2-88 


3-52 


200 


23-64 


94-56 


121-36 


148-9 


64 


•597 


239 


3-07 


3-76 


210 


28-84 


115-36 


148-04 


181-6 


66 


•635 


2-54 


3-27 


399 


212 


30* 


120- 


154- 


189- 




U>» |mpert«w|ieiAUui! at vfakb he ca«U jnc p«<ttive » plie^ 

dB|KMitedon tbe^MK. Tbk tEH|)cntw7 then «w t]ie£- 

DanidTs HjgnxiKter is a mwh mare ekgant i ' 
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^niTl»d<Mepthaviftiie temperature of the evaporat- 
^ng'flnid^itheTapour will again condense ; but the 
JnqMflity of tills condensation will depend upon the 
xielative temperatures^ and the quantity of moisture 
crontained in the air. 

(220.) The heat and cold caused by the conden- 
sajtioB and rare&ction of the air, produce important 
effects, both in natural phenomena, and in the 
mechanical application of this agent in the arts. 
^¥hen the air is partially exhausted in a receiver 
enclofiing a thermometer, the temperature sinks 
^ery considerably ; but if the air be again suddenly 
admitted to the original pressure, the temperature 
xises ccmsiderably higher than in the first instance. 
The revose of this occurs when the air is first con- 
densed, and then allowed to resume the original 
pressure ; in which case the temperature sinks con- 
siderably lower on the original pressure being re- 
stored, than the thermometer indicated before the 
condensation.* 

This result, however, appears to be produced by 
an unavcHdable imperfection in the experiment. 
Per the vessel that contains the air communicates 
its heat in the one case, and abstracts it in the 
other, which causes the apparent difference ; and 
this difference is therefore dependent upon the 
xapidity of the operation, thereby allo\ving more or 
less time for the interchange of heat between the 
air and the vessel containing it. 

In Dr. Dalton's experiments,f the thermometer 
which sunk 2® on rarefying the air, rose 4° on again 
allowing it suddenly to resume its original pressiu'e. 
When the air was first condensed and then sud- 
denly allowed to resume its original pressure, the 
thermometer rose 2"" on the condensation, and then 

* ''Manchester Memoirs," voL v., p. 515; and "Nicholson's 
Journal,'' vol iii, p. 160. 
t Ibid 



PHBNOME19A OF HEAT. 207 

£retnr I cmVtwben ! il?;undeiigdes a given condensation, 
is'teqiuuk to .threeKeighths of the diminution of tem- 
perature required to produce the same condensa- 
lioB^ the pressure being constant" Air, under a 
c^onstant pressure, diminishes l-480th of its volume 
"for every degree of depression of Fahrenheit's 
scale ; and therefore 1® oi heat will be extricated 
£:oin air when it imdergoes a condensation equal 
to .^ X I = jhr I^ ^ mass of air were suddenly 
:reduced to half its bulk, the heat evolved would 
^^ ^ -r- rhr = 90*-* M. Despretz made some expe- 
inxnents to ascertain whether water evolved heat 
"vrhen subjected to great pressure ; and he found 
that a compressive force equal to 20 atmospheres, 
claused the disengagement of only one sixty-sixth 
2>art of a degree of heatf This result might rea- 
sonably be expected from the small degree of 
C5ompression to which water can be subjected. 

(223.) Dr. Ure instituted some experiments to 
ascertain the influence which heat had in increasing 
the fluency of various liquids ; and he found in all 
ceases a great increase in the velocity of their efflux 
through a given aperture, by raising their tempera- 
ture. In some liquids of a viscid nature, the in- 
crease appears to be very great. Such, for instance, 
is the case Mrith some kinds of oil, which, by raising 
their temperature from 65** to 254°, had their velo- 
city of efflux increased nearly six times. With 
those which were less viscid, the increase was less. 
Water, by having its temperature raised from 60** 
to 164**, had its velocity increased about one-sixth. J 
These results are wholly independent of any effect 
from alterations of pressure, but appear to arise 

* "Philosophical Magazme'' (Second Series), vol. i, p. 89; 
and " Quarterly Journal of Science," vol. xxiiL, p. 228. 

+ " Quarterly Journal of Science," voL xxiv., p. 20. 

J " Reports of the British Scientific Association," vol. viiL, 
p. 23. (See also Art 210.) 
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m ftg it™«e>h rf ■rtrriiK. k » arfyct wtfeh to' 
Rcmed bat ittle attfMiaa; sad widi dke einrpliiMi 
of HMC apcnaals node Itf Ae FniA£n liBlifade 
of Pf^n^TMnBiOBac tficB^n <■ mn and couia't 
fitde afipean to be faKm. Bf these experanoits* 
tbe Ti"'"»"* sizcnptli of wroo^E itod, estnmated^ j 
by its nartiinff to a ImiyluiTTiiil strain, ms ob-l 
tained br beatnig the iroo to 57? Fahrenbeit ; at ' 
wfaicfc teH^Msatiirc dte str^igtfa b 15-17 p«- ceot 
greater than at the or&iavT mean temperature of 
Ae ak. The mle deduced fix* the strength of iron 
at h^ temperatures Js, that " the thirteenth powo- 
of the temperature above SO* Fabreobrit is proper- |j 
donate to the fifth power of the diminution from 
the maximum tenacity." And it appears that, at ' 
the temperatme of about 1050*, iron loses aboutl 
one^half of its maximum ^Tei^h ; at 1 240 it losesi 
about two-thirds; and at 1317* seTen-tenlhs of its 
maximimi tenacity is overcome, [ 

The following Table shows the diminution of' 
tenacity at various temperatiu-es. The maximum I 
tenacity of the fourth colrann is a calculated ( 
amount, obtained by adding 15'17 per cent, to the) 
strength of the metal when tried cold. The seventh 
column shows that the mean irregularitv' of struc- 
ture is 10 per cent, of the strength when tried 
cold. I 

• " Report on the Eiiilosion of Steam Boilers, by a Com- 
Tnittoe of the lostitiite : Jonnial of the Franklin Institute^ 
vol& xix and xx. ^- 
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(225.) In the experiments made with copper, at 
Tarious temperatures, the Committee found that, 
unlike iron, the maximum strength of copper was 
at a very low temperature; and that it increased in 
strength at every reduction of temperature down 
to 32", which was the lowest at which they could 
try it. The mean strength of copper at ordinary 
temperatures was found to be 32,146 lbs. per square 
inch; and the following Table exhibits the diminu- 
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Cli^^ TV so g^ sh of cast iron at high tempe- 
ntttux« has iKtt bm« asccitained with the same 
•Ci.'^inK-y. It hjtsv bow^TiPT. been estimated that its 
nwxinxmn stTv*:^6» is at the temperature of about 
SVHV l-'VthnMihett. Tchicfa is considerably below that 
v^^ wt\>i^t itv«. 

l,WT.'l TV fftt<<s of heat, which have here been 
nwn(HMH<d, aw » ft-w of the laws aiid phenomena 
«»f this iuifx^nsnt brAxtch of science. They appear 
H» l^' tt>*vrt' whk-h AT? most closely connected with 
*ho s«l>jwl of tho )ws«it ittqxiin-: but it must not 
Up )HH>|>»vw-^l that they are pxeu as an epitome of 
\\\v f[x^»Kval laws of heat, as the subject would be 
ftn l»o rMoiv-siw fi>r Uw jwescnt work. Many most 
lHHwn4«nt and inh'twitiny f^ienomena have thei 
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been entirely omitted; but those which are 
mentioned^ and others that, are alluded to and 
spersed in various parts of this treatise, appear 
all that are requisite for the illustration of the 
ct now before us, and will afford useful sug- 
>ns to those who wish to investigate the prin- 
5 of heating buildings theoretically and scien- 
Uy, as well as to learn the mere practical 
[s. 



p2 




i»the j rfi j i H «gwiegaw 

Bi* cxBtnHBiis mm niil»e ae extent;, tfaat:^ 
^ipear tokMBtiUek>tkB|>aat|i^KiGe,exeGpt ' 

atme AaC wn Made ^ TiedgioU,* aod these az« 
ernmeoBft n tibe ■pf J rtiii a W has mde of tiwm. 
For be has neglected an cooadoatians of the thick- ' 
neas of the body od wfaidi be expenmeated, and 
ba« therefore estonated that the rate of cooling of 
a Tery thin sheet-iron Tessd, coDtaining a heaied 
fluid, is the same onij- as a cast-iron pipe, though 
the latter is fiilly six or eight times the thickness of 
the former- The same error also occurs in bis 
experiments on the cooling of glass; and, conso- 
(lucntly, his conclusions on the dispersion of heat, 
an applied to the wanning of buildings, are erroneous 
to a considerable extent. Another source of error 
lie* in his having estbnated the quantity of water 
which the vessel contained at rather too large an 

TredKotd, " On Heating Buildings by 8t«*m." etc, ■•"■■ 
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anount, in allowing for the specific heat of the 
essel; which latter could not possibly have had 
[uite the same temperature as the water, owing to 
5SS by imperfect conduction, and to the cooling 
ifluence to which it was exposed. The effect of 
ach of these errors is to make the rate of dispersion 
ppear more rapid than the true velocity ; and the 
esult is, that in some of the calculations founded 
n these experiments the errors amount to upwards 
f 16 per cent. 

(229.) To ascertain the velocity of cooling for a 
iriface of cast-iron, a pipe thirty inches long, two 
iches and a half diameter internally, and three 
iches diameter externally, was used in the following 
Kperiments. The ends of the pipe were closed by 
^rks which entered into the pipe one inch and a 
alf at each end ; and the bulb of a thermometer 
as inserted into the water about three inches from 
ne end, the temperature of the water being the 
iine in every part of the pipe. The exposed sur- 
ice of the pipe (including the surface exposed by 
\e thickness of the metal at the ends) was 287' 177 
juare inches. The quantity of water contained in 

was 132*534 cubic inches; and the equivalent 
> be added to this for the specific heat of the pipe 
i 39*341 cubic inches; making the estimated 
uantity of water 171 '875 cubic inches.* The 

* In estimating the equivalent of water which was required 
y represent the specific heat of the pipe, the difference between 
be external and internal temperatures necessarily required an 
llowance to be made on account of the thickness of the pipe 
^ng considerable. This diminution of specific heat was esti- 
lated to be equal to a superficies of the pipe one-sixteenth of an 
ich thick. The total equivalent of water which would repre- 
snt the specific heat of the pipe, supposing it to be exactly of 
be same temperature as the water contained in it, would be 
2'i5& cubic inches : ^m this must be deducted 13*114 cubic 
iches as above stated, leaving the equivalent specific heat of 
be pipe equal to 39*341 cubic inches of water, as stated in 
be text 
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rates of cooling were tried with different states 
the surface : first; when it was in the usual state 
cast-iron pipes covered with the hrown surface '^-^ 
protoxide of iron : next, it was varnished blacfc^i: "^ 
and finally, the varnish was scraped off, and tt^»-« 
pipe was painted white with two coats of lead pain*. *:. 
The following Table shows the observed time ■<i:»if 
cooling, coiTected and reduced to the same exce ^Sii 
of temperature above the circumambient air, 

Table XXIV. 

TABLE OF THE COOLUia OF IBOK. 



Thermometer 
Cooled 


Ruaty Surfcce. 


Bkck Varnished 
Surface. 


White Sur&M. 


ftom 


.0 


ObMITOd 


Cslcu- 


Obitrvrf 
Time. 


iB. 


Ob^B^ved 


Tim*. 


152= 
152 
152 
153 
152 


150= 
148 
U6 
U4 
142 


2' 30" 
5 
7 45 
10 15 
12 46 
15 


2' 21" 
4 44 
7 12 
9 44 
12 15 
15 


2' 16" 
4 36 

9 45 
12 2 
U 32 


2' 16" 
4 36 
7 3 
9 27 
11 54 
i4 32 


2' 19" 
4 53 
7 28 
10 13 

12 67 
15 22 


2' 24" 
4 61 
7 22 
9 57 
13 36 
15 22 











^ 



The ratios of i Black Vai-nialied Surface . . . 1'21 

Cooling I ° are ^ Iron Surface 1-26 

therefore, ( White Painted Surface . . . 1-28* 

These ratios are in the proportion of 100, 103"3, 
and 105'7 ; but as the relative heating ett'ect is the 
inverse of the time of cooling, we shall find that 1 00 
feet of varnished pipe, 103i feet of plain iron pipe, 

* Thesa ratios of cooling, it will be observed, are for pipes 
of three inches diameter ; but the cooling of any other siBe can 
be calculated from the data here given. 
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^oxJi^ lael; ;pff4ran;pipe painted white, will each 

i^ M In lih^se ^xpenments, it might have been expected 
to find grater jdifferences between the effects of the 
various states of the surfacp, than appears really to 
obtain. The greatest differenqe only amounts to 
-.^Jbput 5f per cent, but it would probably be greater 
ii proportion, with an increased thickness of the 
coating of paint 

(230.) To ascertain the effect of glass windows 
in cooling the air of a room, the following experi- 
ments were made, with a vessel as nearly as pos- 
sible of the same thickness as ordinary window- 
glass. The temperature of the room, in these 
experiments, was SB"" ; the thickness of the glass 
w^as •0825 of an inch ; the surface of the vessel 
measured 34*296 square inches, and it contained 
9*794 cubic inches of water, including the equivalent 
for the specific heat of the glass. The time in 
which thi§ vessel cooled, when filled with hot water, 
is shown as follows : 

Table XXV. 

TABLE OF THE COOLING OF GLASS. 



Thermometer Cooled 


Observed 

Time 
of Cooling. 


Calculated 

Time 
of Cooling. 


Average Bate 

of the 

Observed Time 

of Cooling. 


from 


to 


150« 
150 
150 
150 


140° 
130 
120 
110 


6' 40" 
14 15 
23 30 
34 


6' 54" 
14 43 
23 40 
34 


'M76**per mi- 
nute, at an ex- 
cess of 65'^ 
above the Tem- 
perature of the 

air. 

—it . 



From the average rate of cooling which is here 
^ven, the effect of glass in cooling the air of a 
room may easily be calculated. As the specific 
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beat of eqoal volnmes of -air aad w^t3sI*'idmaii•}tl^ 
2990, the above average will show that each squacfe 
foot of fjlass will cool 1-279 cubic feet of air 1° per 
minute, when the temperature of the glass is 1" 
above that of the external air. 

But by this we shall only find the effect of glass 
in a still atmosphere : and therefore, to ascertain 
the cooling effect of external windows, when exposed 
to the action of winds, farther experiment are 
ntcessary.f 

(231.) In some researches of Leslie's, on the 
cooling power of wind, he used a bright metallic 
ball filled with hot water, and noted the time of 
cooling when it was exposed to wind at different 
velocities. The result he obtained was, that the 
cooling effect on the ball was very nearly in a direct 
ratio with the velocity. But it will be obvious, by 
reffrring to the experiments of Petit and Dulong, 
in the preceding chapter, that tlie relative cooling 
of heated bodies, when exposed to air mo\ing at 
different velocities, must depend upon the nature o( 
the surfaces. For while the quantity of heat which 
is abducted by the air, is proportional to the number 
of particles of air which pass over the heated body 
in a given time, the heat that is lost by radiation is 
not only independent of this effect, but the relative 
proportion of heat lost by radiation differs for each 

• See Art. 97. 

+ In BOmu experimeute by Wyman, on the cooliDg influence 
of glass windows, he obtained the following results, in a rooni of 
1930 cubic feet, and having 531 square feet of walls, and 33-31 
squ&re feet of windows. The room waa allowed to cool about 
10°, first with the windows uncovered, and then with the 
windows covered with double blankets. Tho average of the 
experiment!! gave — 

Room cooled . -ISO" per minute, svith windows uncovered; 

„ „ '106° per minute, with windows covered; 

or 1* in C'S minutes, with windows uncovered, and 1° in 9'4 

niiuutos with the windows covered, — (Wyman, "On Venti-' 

l»tion.'" Boston, 1S46.) 



pajliea]air%idbstsiieer '^As'liie' bright liketal ball that 
'Iieslp einpioyed m His ^xperknents would lose only 
Bnr eitremtiy small proportion of its heat by radia^ 
tioH^ it might naturally be concluded that the rate 
of cooling would be nearly in a direct ratio with the 
vrfocity of the air. But with a surface of glass, the 
result must be very different, because the radiation 
is then very considerable ; and, therefore, the total 
cooling will be much slower than the simple ratio 
of the velocity. For while a surface of glass of the 
temperature of 120"*, and at an excess of 62® above 
the surrounding medium, loses about two-thirds of 
its heat by rachation, a bright metallic surface of 
the same temperature vrill only lose one-eleventh 
part of its heat by the same cause. 

(232.) In the following experiments it appears 
that the cooling effect of wind, at different veloci- 
ties, on a thin surface of glass, is very nearly as the 
square root of the velocity. In these experiments, 
the velocity of the air was measured by the revolu- 
tion of the vanes of a fan ; the temperature of the 
air was 68'' ; the time required to cool the thermo- 
meter 20" was noted for every different velocity, 
and the maximum temperature of the thermometer, 
in each experiment, was 120"*. In still air it re- 
quired 5' 45^ to cool the thermometer this extent ; 
and the following Table shows the time of cooling 
by air in motion. 
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Che ImTer»ori 
SqnnBaetof 
VcIiHxiciei; in ~ 



3-26 

SIS 

e-H 

8-8G 
10-90 
13-36 
17-97 
20-45 
24-54 
27-27 



2-35- 
3 10 
I 55 

1 40 
1 30 



2-58 
2-16 

1-91 
l-6ti 
1-50 
1-25 
1-08 



2-58 
3«4 

i-aa 

1-56 
1-41 
127 
MO 
1-03 



(233.) In consequence of the large quantity of 
glass in buildings used for horticultural purposes, 
the cooling effect of wind is of considerable import- 
ance. We see, however, that «ith an increased 
velocity the cooling effect is considerably less, in 
proportion, on glass than on metal. And it will be 
very much less on window-glass than even what is 
here stated ; for, as glass is an extremely bad con- 
ductor of heat, the increased thickness which win- 
dow-glass possesses over that which composes the 
bulb of a thermometer will make a material differ- 
ence in the quantity of heat that is lost by the 
abduction of the air, as there will be, in this case, 
a greater difference between the temperature of the 
external and the internal surface. The cooling effect 
of wind is therefore not near so considerable on 
glass as is generally supposed; and it will probably 
be nearly one-half less on window-glass than what 
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is shown by the preceding experiments. Exact 
experiments on this subject, however, are extremely 
difficult, owing to the unequal action of the air on 
different parts of the surface. Thus, if a cylindrical 
or spherical vessel be employed, the action of the 
wind will be such that the particles of air striking 
the surface in front will cause a vacuum at the back 
part of the vessel, from which latter part the heat 
will be given off by radiation alone. It thus 
becomes impossible to ascertain accurately what 
would be the effect, if the whole of the surface 
could be acted upon by the wind; and the same 
remark will apply to most other forms of surface 
which could be employed experimentally. 

(234.) The following Table shows the results of 
Tredgold's experiments on cooling, already referred 
to. They are here given, principally, to show the 
cooling power which thin sheet-iron will have in 
any building in which it is used; and they may 
therefore be useful now that corrugated iron is so 
frequently employed in many descriptions of build- 
ings. In these experiments the specific heat of the 
vessels was added to the quantity of water they 
contained. The vessels were always cooled from 
180" down to 150° of Fahrenheit; the time required 
for this cooUng, and the other particulars of the 
experiments, being noted in the table. 

Table XXVII. 
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Tinned Plate 


79 


69'28 1 5fii° 


46 


124A- 


■759 


Sheet Iron . 


76-7 


61'T j 57 


39 


123 


1-18 


Glaaa . . . 


71 


61 '2 56^ 


31J 


123^ 


I'ors 



In these experiments, as already stated, the cool- 
ing of the sheet-iron will not afford a fair criterion 
for the effect of cast-iron pipes; but it will be per- 
ceived that thin sheet-iron has, in a still atmosphere, 
the same cooling power as glass; and therefore its 
effect in cooling the air of any building in which it 
is used will be very great, and in high winds it will 
produce a far greater cooling power than the same 
extent of glass (Art. 231), as its cooling power will 
be nearly in the direct ratio of the velocity of the 
wind. 

These remarks on the cooling power of different 
substances when employed in buildings, must of 
course be understood merely to apply to those cases 
in which the interior temperature of the building is 
higher than that of the external temperature. When 
these conditions are reversed, the effects must 
necessarily also be altered. 
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PART SECOND : 

ON THE VABIOUS METHODS OP WARMING AND 
VENTILATING BUILDINGS 

THJ5 COMBUSTION OF FUEL, ETC. 



CHAPTER I. 



Sarly Methods of Warming Buildings-^The Romans : their 
StoTes — ^Baths — Flues — Mode of Preparing their Firewood 
— ^The Persian Method — Chinese Method of Fines — Method 
of the Ancient Britons — Invention of Chimneys — Burning 
of Coals in England — Early Writers on the subject — 
Improvements in the Form and Construction of Stoves and 
Fire-places.* 

(235.) The various methods of warming biiild- 
ings have consisted, in all countries and in all ages, 
until a very recent period, of the rudest appliances 
and the most inartificial inventions. At a very early 
period, it is true, the Romans were acquainted with 
the method of heating rooms and buildings by 
flues ; and these were elaborate in their construc- 
tion, and complicated in their arrangements. But 
they were so expensive in their construction, and 
so wasteful in their expenditure of fael, that this 

* In this and the following chapters, the articles on " Stoves" 
and " Ventilation," written by the author, and published in the 
** Encyclopsedia Metropolitana," have been incorporated with 
such further observations as the want of spaoe prevented him 
frpm making in the work in question. 



method of warming buildings couU only be adopted 
by very few of even that rich and hixurious nation. 
The comparatively late invention of chimneys ftilly 
accounts for tlie immense size and peculiar con- 
struction of the flues used by tlie ancients ; for 
unless a large space were provided for the com- 
bustion of the fuel and the entrance of the air, the 
heat could not have been conducted through the 
flues, owing to the absence of the necessary draught 
produced by the use of a high chimney. The kypo- 
caustum of the Romans was this plan of flues. It 
appears to have consisted of a long furnace ; and 
a number of narrow arches {testudines olvet) re- 
ceived the fire of the hypocaustum, and conducted 
it along and underneath the floor of the room to 
be warmed.* The whole of the hypocaustum was 
immediately below the room which was to be 
heated. Sometimes a great number of short columns 
or pillars supported the floor instead of these arches. 
They were set in foiff rows very close together, 
and the flame of the furnace passed between them, 
as appears by some very perfect specimens which 
have been discovered.*!- Pliny the younger, in his 
letter to Gallus, giving the description of his villa 
Laurentinum, mentions that his bedchamber was 
warmed by a small hypocaustum :J and this plan 
was generally adopted in heating the baths.g For 
this latter purpose, liowever, an improved method 
was adopted when the Thermae of Rome were built, 
and which has been described by Seneca.|] The 
water of the bath was heated by passing it through 
the fire in a brass pipe of a serpentine form, thence a 

• Castell'a " IlluBtrationa of the ViUas of the Auciente,'^ 
pp. 8, 9. 

f " PhiloBophical Tran Ructions," vol. xitv., p. 2225, and vol.— 
xli,, p. S55. 
* X Castoira " lllustrationB," p. 13. 

§ Ibid, p. 9, 

II " SenecH, Nut. Qua?«t," lib. 3, cap. 24. 
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^CBS^d^JMc^iK The most approved mode was to 
employ the Miliarium, * which appears to have 
been a leaden vessel of large circumference, the 
middle part being open for the spiral pipe, and for 
the draught of the fire to pass through. This 
vessel of water that surrounded the flame was also 
placed upoii part of the same fire, and for that 
reason the bottom was obhged to be made of brass, 
as were also the pipes. 

(236.) But the method of warming by the hypo- 
caustum was far too expensive for general use. 
The Romans used portable fiimaces, containing 
embers and burning coals, to warm the different 
apartments of their houses, which were placed in 
the middle of the room.f These were sometimes 
made to contain water, which was heated by the 
fiiel of the fiunace, and probably they were also 
used for cooking. One of these boilers and fur- 
naces, found at Herculaneum, was in the shape of 
a castle with foiur towers. J The usual kind of 
stoves, however, were nearly on the plan of our 
braziers. They were mostly elegant bronze tripods, 
supported by satyrs and sphinxes, with a round 
dish above for the fire, and a small vase below to 
hold perfimies, which were thrown into the brazier 
to correct the smell of the coals. A square stove of 
bronze, of the size of a moderate table, found at 
Herculaneum, rested on hon's paws, and was oma- 
»iented upon the border with foliage. The bottom 
"was a strong iron grating, walled up with bricks 
•^bove and below, so that the fire could not touch 
the sides of the stove, nor fall through the bottom. 
Ht was similar to those still used in large rooms in 
Iltaly.§ But the smoke from these stoves was 

* " Palladius," lib. i., tit. 40. 

t Adams's " Roman Antiquities," p. 454. 

J Fosbroke's " Archaeology ," 4to, vol. i, p. 233. 

§ lUd, vol. i., p. 237. 
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■C<h«d of tnttie tmTiiiiBi 
|iii—>tirfa<Tipe»byit-M A( 
A* h«at. fraat a finaacc^. oa^awcitA m the earth 
imdes Uk eififice. Tllese fqtes cr fines were CCKK 
ducted to the (^feRBCreoBia;- and the t^ppc end' 
was often omoni^kted whh the tcfBeseocatteh of m 1 
ljfjn'» ox a doiphia's bead, or 307 ocher ngnre, aod ( 
it could Ite op^'Tied or sfant at pteasnre- Tlie8e>£ 
Pfp«t^ bf mevtT, w«re habh to become full of iOOt 

. !r .Villi 

vinrti't>a,' v'J. '<-<[*• ' *■ 

f "ll«c)cmK&n, vol. iL, p. 71. . ,, -, i^i _,■ ,.i*-'-«J ■ • 
1 /hid, 9rA. iL. p. 300. " ' t- j, ,. , ,,.,a\ ^ 

I A'Imiir'* "KonutD Anli^aititM,'' p. W t\ .ft '^mtrjtMbt' 

vf.f. II.. |.. 70, ,;, ,, i::i .M,..<t^,■l01T l^rt.,.«MJ4l'i - 4 



awl^Bf^thfey ^r^^y^^Hkely tdxatch fire bv being 
o^«ri-l*eated;livH5^ wfete made forbidding them to 
be terdiight too near to the wall of a neighbouring 
hbnsew* - 

(238:) The Persians used a stove consisting of an 
iron Tessel sunk in the earth in the centre of the 
apartment After a fire had been kindled, and had 
well wanned the place, a wooden top, like a small 
low table, was placed over the hole in the floor 
which contained the stove, and this top was then 
spread with a large coverlet quilted with cotton, 
which hung down on all sides to the floor. Those 
people who were not very cold, only put their feet 
under the table or covering; but those who re- 
quired more heat, put their hands under it also, or 
crept imder it altogether.f The Jews likewise used 
such stoves in their houses, and the priests had 
them also in the temple : J in fact, throughout the 
East this mode of warming apartments appears to 
have been commonly adopted. 

(239.) In China, a very elaborate system of flues 
has been long in use, by which the floors of the 
rooms are heated by a furnace constructed below, 
with a moderate expenditure of fuel. A very 
equable temperature appears to be maintained by 
this means, notwithstanding the winter temperature 
of some parts of China is so low that the thermo- 
meter nearly reaches the zero of Fahrenheit's scale. 
Father Gramont described this mode of heating in 
1771,§ but the date of its introduction does not 
appear to be known, 

(240.) Although the Romans must have intro- 
duced their methods of warming buildings into 
England at a very early period, as appears by 

* " Beckmann," vol. ii., p. 90. 

-f Ihid, vol. ii., p. 83. 

X Ibid, voL iL, p. 85. 

§ "Philosophical Transactions," 1771, p. 61. 
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vArirtus remains whifh have been excavated in 
recent times,* the inhabitants of Britain long cow- 
"tCnted themselves with contrivances of the rudest 
and simplest character. Among the ancient Bri- 
tons, in each dwelling there was only one place for 
a fire; which was tnei-ely a hole in the centre of the 
floor. In the time of the Anglo-Saxons, the ordi- 
nary plan was to ]>lace the ignited fuel on the 
hearth in the middle of the floor, and an opening 
i>i the roof, immediately above the hearth, per^ 
mitted the escape of the smoke. In the better 
class of buildings, an ornamented turret was erected 
In the centre of the roof for carrying off the smoke, 
while in ordinary houses the opening in the roof 
was merely defended from the weather by louvre 
'hoards, in the manner now practised in many of 
our commonest biuldings used for manufactories. 

(2-11.) The invention of chimneys necessarily 
made a great alteration in the mode of heating 
buildings. The date of tlieir introduction has been 
much debated ; but there appears to be no positive 
•evidence of their existence before the middle of the 
foiffteenth century ; tlie earliest record being, that 
an earthquake at Venice in 1347, threw down a 
■great many chimnuys.f Twenty years after this they 
appear to have been unknown at Rome ; for iJi 
■that year Francesco da Carraro, lord of Padua, 
came to Rome, and finding no chimneys at the inn 
where he lodged, he caused two chimneys to be 
built by workmen whom he had brought vnth tarn; 
and over tlicse chimneys, the first ever seen at 
Rome, he caused his arms to be affixed.J This 
slow communication of such an important inven- 
tion, so closely connected with health and comfort, 
contrasts most strangely with the rapid promuiga- 

* " PI lilosojihifittl 'Transactions," Tola. xxV. and Jiii 

t Beckmann's " History of Invenlioaa," wok a,;i>,:Q& 

X Ibid, \). OS). 1 i- .1/. i i' v.r.|ji,,.j -.-.- 
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Aioi]i> o£ /every {discovery and improvement of the 

i>^o3^hie introductioii of chimneys into England ap- 
f)0*rs to have been in the reign of Richard II. ; 
aitd one of the first is supposed to have been at 
Sblton Castle built in this reign*^ It was long 
before they came into general use; but in the 
reign of Elizabeth most rooms in respectable houses 
were furnished with them, and apologies were made 
to visiters if they could not be accommodated with 
rooms with chimneys.f 

(242.) It is uncertain at what time stove-grates 
were first used, though probably they were not 
invented till coals became the ordinary fuel. For 
though coals were known to the Britons before the 
arrival of the Romans, their use was barely tolerated 
in England till the seventeenth centiuy, as it was 
supposed that the air was rendered unwholesome 
by their use. J 

After the improved method of burning fuel xuoder 
opea chimneys was introduced, they were used not 
only' as the receptacle for the fire, but they also 
became the ordinary place of resort for conversation 
. and conviviality for all the inmates of the house. 
The. chimney-comer was the post of hono\ir ; and 
the custom of the whole family sitting ujtider the 
chimney-breast is not even yet exploded in some of 
our rural districts. 

■ (243.) The earliest writers who endeavoured to 
; improve the construction of stoves were Keslar, of 
/Frankfort, in 1614; Savot, in 1625; Glauber, in 
.'.1669 ; ;and Delesme, in 1686. In 1713 (or perhaps 
even in 1709) the Cardinal de Polignac, under the 
.aasmned name of M. Ganger, published a most 
excellent treatise on the construction of fireplaces, 

* Fosbroke'* "ArclisBology," voL L, p. 113. 

t /2»t<i, vd. L, p. 112. 

X See Chapter VI., Art. 341. 
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wWch, ia }m, WM translated »nd ynblJHfaed.^ 
ihin coinitry by Dr. Desaguliere,* Tkifi Ogaliej^ 
which is now scarce, contains a most hacid fTrfa] 
naiUm of the methixla of ecoaotmzm^ Saei, bMed 
on tho iwumlf^ princtplea r>f philoaophy. It was. 
the firht atteittpt which had been made to »fffy tbe 
known l*w» of hc-at to the constroctioB of fire^ 
p^cos 1 and thouf^h, in con-sequeoce of wood bei^g 
the ftiel mtiveri-ally used in France at that period^ 
and Uiis fuol huin^ always burned apon the heaxtb, 
the author made no mention of itoret, but merelj 
oS firepUtcex, tiie translator, Dr. Desaguliere, added 
A <ha]rt(.T m> ttte tiofft to be used in these improved 
fireplaces ; and the work in that new form was a. 
eompU-te e[))toine of all those principles which 
Franklin, and, after him, Count Rumlbrd, so soc^ 
ewwrfiillj' bniu}<ht under the public notice, and 
which, if (rttictly carried out, would form, evea at 
the present day, the best guide to the proper con- 
utruction of stoves and fireplaces. An epitome of 
thlK littlt: work would be, in fact, a recapitulation 
of 111! the most approved methods of constructing. 
firi'pWxjft, stoves, and chimneys ; but most of these 
prineipleH art: now too well known to require expLa- 
lintion, uiul othcrti which are less so will be touched 
upon in another form in the course of this treatise, 
i^lW.') The word stove is used in this treatise to 
sigiiify either a close or an open fire-grate to burn 
fiit'l \\\ ; and, in general, this is what the word is 

• Di'. Dduigiilieni, in kin " Experimental PhiloHopliy," vol. iL, 
p, J>A7, piililiNlied in 1744, mentiuns tliia book, nod states that 
tho authcr concealed his name, but that he knew him to be 
Monuotir OaUKer, of Paris; and he mentions a curious circnm- 
Ntniioe of a Frenchman coming over to this country, who, 
iilthou|{h BO ignonuit that he could scai'cel; read three pages of 
tho book, professed himself its author, and applied to the king 
to grant him a patent, free of expense, on nccoimt of the great 
Tftlne of the stove* described in the book, and that he was too 
poor to pay for the patent. 



rfrtW^^^iea te|^m^ari;- In hortteuhure, the build- 
ni^itd^,/^{ch is heated, and not the place which 
hwds the fite,' is called a stove, and this expression 
ib'HKihployed by many old writers. Anciently, how- 
eyiir, the term hothouse, which we now use to signify 
a building for horticultural purposes, was descrip- 
tive of a sudorific bath, the use of hothouses for the 
purposes of horticulture being an invention of com- 
paratively recent date. At the beginning of the 
seventeenth century, hothouses were used for the 
cultivation of orange trees, and were considered a 
mark of royal magnificence.* 

(245.) The various elegant forms given to the 
stove grates of the present day are quite a modem 
invention. Formerly they were called " cradles of 
iron for burning sea^JoaVf from which we should 
suppose them to be very different in construction 
to ours ; and even those described in Dr. Desagu- 
lier's work, as late as the beginning of the eighteenth 
dentui7,are nothing more than a few bars bent into 
a senricircle and fkstened into the back. How far 
^Si^ utiKty of stove-grates has been affected by the 
modern alterations of form, we shall endeavour to 
show in the following chapter ; and subsequently 
we sh^U inqxfire into the physiological effects pro- 
ducked by some of the modern methods of distri- 
buting artifieial heat. 

r-.:* '.IWi^okft's 'i^ AtdwBology," voL i, p. 275. 
t Ibid, voL L, p. 268. 
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Vmo* of Fire-places and Chinmeya — Should be made to f 
Heat — Contr&otiDu of CHmney Breast — Hollow B 
snd Backs for Fire-pLicee — Rumford'a Principles of Coc< 
etmction — ErrorB in the Construction of Stoves — Regime! 
StoTe in a Case — Jeffrey's Stove— Franklin's PeunayiTfti^ 
Stove — Cntler'a Torch Stove — Sylvester's Hadiating Stoi^ 
— ituaaan and Swedish Stoves — Cundy's Stove— Gi^mw^ 
Stoves— Hot-air Stoves — Cockle Stoves — Dr. Nott'a StO"-^ 
—Dr. Amott's Stove — Franklin's Vase Stove — Gas Stove^ 
— Joyce's Stoves — Beaumont's Stove — Palmaiae Stove. ' 

(246.) Previous to the publication of M. Gauger"^ 
treatise (already alluded to. Art. 243,) chimney firfr 
places were generally made in the fomi of a larg^ 
square recess, and the breast of the chimney was 
of the same size as the recess itself. The error of 
this construction was pointed out, in the work of 
M. Ganger, by a reference to the known laws of 
heat. Radiant heat is subject to the same law as 
light, — that the angle of reflection is equal to the 
angle of incidence. Hence it follows that a ray of 
heat, falling perpendicularly on the fiat sides of the 
chimney recess, will be reflected back upon itself: 
if the ray forms an angle vertically with the side, 
it must be reflected up the chimney ; and if the 
ray forms an angle liorizontally with the flat sidfe 
of the chimney, this angle must necessarily be so 
small that it cannot be reflected forwards beyond 
the jambs of the mantel-piece. On these considq- 
rations, M. Ganger recommended that the back til 
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the recess should be contracted, so that the sides 
should incline outwards at a considerable angle, by 
which means the radiant heat would be reflected 
into the room, and much more effect produced. 
The fig. 37 will explain this : it is supposed to be 
the groimd-plan of a fire-place, with straight sides : 
Fia 37. ABC are the jambs, sides, 

^ 1 and back of the fire- 

pT !^^ 1; i|,plac^i and d the body 

^^^^^ 3> "^-X which radiates heat. If 



— • / 



now a ray w falls on the 
1^^^ side, it will be reflected 
*' at the same angle, and 

&11 just within the jamb at x ; but if the side be 
mclined, as shown by the line /, then a ray y fall- 
ing upon it, will be reflected into the room in the 
direction of Zj and of course a vast difference in 
the effect will be experienced. 

But this author Ukewise recommended other 
improvements. He advised a considerable con- 
traetioQ of the breast of the chimney, by which less 
heat would ^cape through the .&innel or shaft of 
the ehimney, while, at tibe same time, he proved 
that the smoke would escape with equal facility 
as before. Another improvement which he si:igr 
gested was in making the hearth and back of the 
fireplace hollow, by means of metal plates, so that 
by having these hollow spaces to communicate 
with the external atmosphere, the air in passing 
through them would be warmed before it entered 
the room, and would prevent the cold currents of 
air which otherwise would enter through the cre- 
vices of the doors and windows. This construc- 
tion of fireplaces was intended for the burning of 
wood, and as the fire was therefore merely laid on 
the hearth, the effect of these hollow spaces, and 
particularly the hollow health, would of course be 
•very considerable, by warming a lai^ge quantity 
of air. 
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T (247*)_Sub8e(|BBnti«»vaitore have-iteeo^iinirii 
iiiiiL^btt-d to tliis work by M. Gaugffl-. Fraskiis 
acknotvle(lg<.-d the great assistance he had derived 
from it; and the methods of economizieg: fuel, 
afterwards so successfully introduced by Ccmat 
Rumford, in his impt^oved 8toves> are all shmlarin 
principle to the plans recommended by the French 
author. 

, (2-18.) In the: year 1796, Count Rumford pub^ 
lished his EssiOfs an the Managemeut of Fire and 
ike Economy of Fuel ; aiid he there dracribed 
thoae improvements which have evet since that 
time been followed in the construction of stove- 
grates. The error shown by M. Ganger to : esist 
m the construction of fireplaces, by making the 
aides parallel to each other, was, at the time that 
Rumtbrd wrote his treatise, still continued, in 
pointing out the error of this mode of construo 
tion, he showed that, in order to obtMn the 
greatest effect from the fiiel, the sides of the lire- 
place ought to be placed at an angle of 135" with 
the back of the grate, or (which ia the same thing) 
at an angle of 45" with a line drawn across the 
front of the fireplace. This angle must necessarily 
reflect the greatest number of rays into the room ; 
the difference of effect between this mode of con- 
struction and that of the parallel sides being very 
great. The reduction in the size of the throat of 
the chimney was likewise ajiother improvement 
which he efi'ected, though this also had been re- 
coniniended by M. Gauger nearly a century pre- 
vious, The angular covings for the sides of the 
fireplaces, Rumford considered should not be 
formed of iron, but of some non-conducting sub- 
stance, such as fire-clay, in order that more heat 
might be reflected from them into the room. A 
circular form for these sides or covings, he consi- 
dered .produced eddies or currents, which would 
be likely to cause the chimney to smoke : and he 
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£kewise' 'Objected to'tlie- old form of registers or 
oaietalcbvereitoitlfcBitast of the chiiniR'y for the 
bamejiieitsoii, and because by their slopinj; iipwurds 
iott^ards the liack of tlie fireplace, tliey cjuised the 
Warm air from the room to be driL\Tn up the 
flhimney, and : thus impeded the passage of the 
smoke. These registers are now made so as to be 
lower at the back than at the front of the stove ; 
but; in gaieral, they are placed far too high up. 
And the very same reafions which decide the angle 
of igreatest effect for the cheeks or sides of the 
fireplace to be 45°, also apply to this case ; and a 
large quantity of heat now lost by the ordinary 
reigister-stoves would be saved if the register top 
were placed at this angle, and sufficiently low 
down to allow it to reflect the heat from the fire 
into the room. The dimensions of the fire-graite 
itself Count Rumford recommended to be much 
less than formerly ; and the best proportions for 
the chimney recess he stated, \vere, that the width 
ttf the back should be equal to the depth from 
front ;to back, and the width of the front, or the 
opening between the jambs, should be three times 
the width of the back. 

, '^249.)' Although the bestform for register-stove^ 
has now for several years past been adopted, the 
desire for novelty has caused the true principles of 
donstmction to be frequently departed from ; and we 
accordingly find, in the most modem stoves, con- 
siderable deviations from these principles. Fif,'. 38 
isapection of a register-stove constRicted on the 
^''' ■ ria. 38. hest possible plan for dif- 

fusing heat into the room. 
The sides are a right angle' 
of 90" A B c; arid the barff 

d e describe a quadrant Of 

ar! ,e^ni;i. 'J \j - a circle whose radius Ife' 
■ tiniihi i::i VI ;jV juBt half the length of the' 




lideiB. [fwNFwsinditofolkiwRuinfctfd'Btnilflof 
making the back one-third the vidth of t\i&iwoixbf 
■wee obtain this by taking one^third of the length A-sij 
ifhich Kill give b/': and then it' we draw the ItiKi 
/ g, we shall obtain exactly the required dimensions; 
By thns arrangement it wUl be perceived that thcs 
sides of the stove form an angle of 135'^ with thb< 
back; and all the lays of heat which fall upon these 
sloping sides, wiU therefore be reflected into the 
room, directly m fixmt of the store, in right lines. 
The felling cover, or register top, should also form 
iui angle of 135" with the back, by which a laj^e 
portion of heat will he radiated duwnwards into the 
room. These proportions, however, cannot well be 
adopted in stoves of very large size, as they will be 
found to throw the store rather too fiir back; but 
for all moderate sized stoves no form can be adopted 
which will produce so good an efl'ect 

(250.) Various methods have been contrived to 
render available some further portion of the heat 
which is given off by the fuel during combustion in 
these stoves, in additiou to that which is obt:iined 
by radiation. These contrivances are nearly all of 
them mere modifications of that pointed out by M. 
Gauger, by means of the double back and hearth 
of his improved fireplaces. Notwithstanding tins 
invention is at least 130 years old, it has, during 
the last 30 years, been repeatedly brought f'orwartl, 
and more than once patented, by different persons, 
as a new invention. The principle has been the 
same in all the different cases, with but very little 
diiference in the mode of applying it. A current 
of air is brought from the external atmosphere, and 
is made to pass through a small box at the back of 
the stove; the back of the stove itself forming one 
side of the box; and in order to prevent the air 
from escaping into the room before it is sufficiently 
warmed, the box is divided by several partitions so 
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as toi oheok -the (lassage of the air^ which is carried 
sucoe&siVely through diem all before it escapes into 
the room. This mode of wanning the air is ex- 
ceedingly usei^l^ and is capable of various modifi- 
cadcras; and it is not only economical in &iel^ but 
frequently is very efficacious in remedying smoky 
chimneys^ aiid in preventing those cold draughts 
from doors and windows which are so exceedingly 
unpleasant and unhealthy; 

(261.) A most. efficient mode of applying this 
principle is to enclose the whole of the register- 
stove in an ornamental case. In this way the stove 
stands forward in the room a few inches, and the 
case forms an air-chamber entirely round the back 
and sddes of the stove, by which a very large heat- 
ing surface is obtained, which moderately warms 
the air, while the whole effect of the radiant heat 
is obtained from the open fire, the same as in an 
ordinary register-stove. When the air-chamber 
communicates with the external air, this forms a 
very excellent stove, and the atmosphere is purer 
than when the air of the room only is made to pass 
over the heated sur&ce. 

(262.) A stove invented by Mr. Jeffrey (the 
inventor of the well known instrument called the 
Respirator) accomplishes the same object in a some- 
what different manner. This stove stands extremely 
prominent in the room, without being at all sunk in 
the wall as fireplaces usually are. The entire back 
of the stove above the fire, consists of a series of 
flat tubes, one inch wide, and about nine inches 
deep fit)m back to front, which are placed edge- 
ways, one inch apart from each other, so as to pre- 
sent alternately a close and an open space of one 
inch in width. These tubes are about eighteen 
inches long, and reach quite to the top of the stove, 
and pass just through the mantelpiece. The only 
way by which the smoke can escape into the 
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between these fiat tubes, whi<A are'so'connftrtea'W 
the top as to prevent the smoke paissing into ffie 
room. The lower end of these tubes opens into a 
nnall air-charaber which communicates with the 
external atmosphere, and the air therefore passes 
from this chamber through the flat tubes, and 
escapes at rather an elevated temperature into the 
room from the upper part of the tubes; having 
been warmed in its passage through the tubes by 
the heat which has been abstracted from the smoke 
passing between them. Nothing new in principle 
ts obtained by this arrangement ; the only difference 
between this plan and that of the many previous 
contrivances for the same purpose is, that the heat 
which warms the air is derived from the smoke, in 
the others it is obtained by bringing the air into 
contact with the surface that is heated directly by 
the fiiel contained in the stove itself. The method 
employed by Mr. Jeffrey appears very likely to 
cause the chimney to smoke, unless the draught is 
particularly good ; for the smoke must have so iar^ 
a portion of its heat abstracted by passing between 
the fiat tubes, that its power of ascending must 
necessarily be very much reduced. The stove also 
presents some practical difficulties in rembving ih^ 
Soot from the chimney ; for which purpose k psitt 
of the jamb has to be removed. .j. - 

(253.) Dr. Franklin, in 1744, invented a stove 
for burning wood, which he called the Pennsjivania 
stove ; in which he introduced the principle of heat- 
iVi|g the air very much in the manner first reconi- 
mfetided by M. Gauger, by means of a double or 
hollow back. This stove* was in the form of an 
rthloiig box with the front removed. At abbiit three' 
oT four inches from the back of this box,a flat'clbs'e' 
chamlier v^as fixed, three inches deep, the whole 
* Fnmklins " Wot-ks," vol. ii,. p. 325, e( geq. 



TR^tk-ftfritt^ stpve,|,w4.^acliuig to within about 
fcix(p WclifiSof the tap. The smoke escaped over 
tjtte top of tliis flat chamber, and passed downwards 
between it and the real back of the stove, and thence 
passed into the chimney. This hollow chamber com- 
tnimicated underneath the stove with a tube ojM?n- 
ing into the external atmosphere, and a considerable 
qiiantity of air thus passed through the fliit ehamber, 
apd escaped into the room through small holes left 
it the sides, after traversing the length of the 
chamber three or four times by means of divisions 
placed across it for that purpose. The heated sur- 
face of tlie stove itself also warmed the air of tlie 
room, and a large quantity of radiajit heat was also 
given oiF from the burning fuel. This stove is very 
economical, and it was a good deal used in America, 
and some of them have been used in England, in 
those parts of the country where wood is abundant. 
(254.) An ingenious stove was proposed, in 1S15, 
by Mr. Cutler, and called the torch stove.* It 
possessed an open file, exactly like an orduiary 
register-stove, but it was made to consume its own 
smoke on a very ingenious jirinciple. Below the 
bars of the grate there was a deep box which sank 
down into the hearth, and which contained the 
fiiel. The fire was lighted at the top, and as the 
fuel burned away, the box was wound up by a 
chain passing over a rack and pinion, placed out of 
sight, in the interior of the stove. By this means 
the fuel burned only at the top ; and the quantity 
of heat could be regulated at pleasure, according 
to the height to which tlie fuel was supplied from 
the box below. For, as the sides of the box were 
solid, and therefore no air could pass through the 
fuel it contained, the combustion took place only 
in that part of the fuel which was raised up to the 



■' Repertory of Arts," vol. xxviii. (Second Series), p. 303. 
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kntd nitke ftr^imnt and as this paotiof :i6ie'fiid 
aimiys b nm ed dear, tfae ibw coal below was f^ret 
dnaihraod slovH lieMed, and the gaseous parte 
men coBsanied while pasang slowly through the 
ignited fuel at the topL This store was rather 
cmnhnNis n appearance, and there was an incon- 
TRiience attending its ose. arising from the trouhl£ 
of rehghting the fire and filling the box with fiiel, 
when the hner did not contain a sufficient quantity 
to last the entire day : and which alone is almost 
sufficient to prevent its general use. The principle, 
however, of lighting the tire at the top, and supply- 
ing fresh fuel from below, is undoubtedly good, as 
it afTords the most perfect control over tlie intensity 
of the fire, and consumes nearly the whole of the 
smoke. To obviate the inconvenience of supplying 
the coals in this way, and still retaining the advan- 
tage of burning the fuel from the top, downwards, 
Mr. Dowson patented a plan* for supplying the 
fresh fuel below the ordinary bars of tlio grate, 
whilst the lire was burning, by a peculiar apparatus, 
which delivered the friesh coals at the bottom of the 
grate ; but neither this, nor the plan proposed by 
Mr. Cuder, ever came at all into extensive use, as 
botb are troublesome and expensive. Dr. Amott 
has very recently (1S54) agiun revived Mr. Cutler's 
plan of the torch stove, and has proposed it as a 
remedy for the inconveniences, real and imf^nary, 
which are attributed to our ordinary open grates or 
■fireplaces. Tiiere is not the least pliability that 
this plan will ever come into general use; for its 
greater cost, its complicated management, its prac- 
tical inconvenience in replenishing the fuel, and itta 
somewhat difficidt adaptation to existing fir^lace*, 
all mihtate against it, even were its advantagtt 
greater than they really are. In feet, the pbio 

• " Kepentoi; of Arta," vol sxix. (Second Series), p. , 7^. 



SYLVESTCa's STOVES. 239 

hfiotieiwhat modified, has been several times brought 
iarwBS&d Several years ago^ it was proposed in 
AiD€friea> by simply making each side of the stove 
consist of a hoUow box, of which the hob formed 
the lid. The bottom of the box was level with the 
bottom grate of the stove ; and an opening from 
the side of the box, close to the bottom, allowed 
the coals which were put into these side boxes to 
be pushed under the burning fuel in the grate, and 
thus produced the same effect as the winding box 
of Cutler's stove. This plan, like each of the 
others, is attended with difficulties in practice ; for 
although descriptively it appears very easy, in 
practice it is found extremely difficult to force any 
Buffident quantities of fuel under a mass of burning 
coals. 

(266.) Another modification of the register-stove 
is the invention of Mr. Sylvester.- In this stove the 
hearth consists of a great number of hollow bars 
fitted into an appropriate frame. The hollow bars 
not only fcrm the hearth, but at their extreme end 
the fiiel is placed, and the bars thus form the grating 
4m which the fuel is burned. The air to support 
the combustion passes through the hollow bars, and 
also through the front of the fire. The ends of 
these bars on which the fire is placed become hot, 
and the remaining part of the bars also becoming 
heated by the conducting power of the metal, a 
iradiation of heat into the room is produced by the 
Jt>ars which form the hearth. The fire being placed 
a$ it were on the hearth, the cheeks or sides of the 
stove are of much greater length than usual, and a 
larger quantity of heat is radiated into the room. 
.The smoke escapes through openings in the back, 
which are placed something like louvre boaixis. 
;The ashes from the stove fall into a box below the 
hearth, which requires to be occasionally emptied 
by removing the loose bars forming the hearth. 
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the airangeiueiii is i)iiU:h tOOiCXp^n^ivc; Srud tteera 
are several inconvenieiujes which i$uKt,pre\'eot it* 
general use, not the least of which is the extensiro 
alteration in the brick, work and wood work which 
surrounds the fireplaces, in order to adapt them to 
rpoms not purposely built for them. But there is 
ample room for improvement in the ordinary open 
fireplaces, and many ingenious inventions already 
exist for this pm-pose. The gieat obstacle, liown 
ever, to their general use, even supposing theiti 
merits greater tlian they really are, is the extensive 
alterations generally required when they are madf! 
to replace stoves of the old construction. Foi^ 
while several of the modem stoves economise fue^ 
to a considerable extent, their expense puts theiDi 
beyond the reach of those to whom this econon))( 
of fuel would be important ; and to those who can 
afford the expense of their application, the econorajl ■ 
of fuel is a matter of indifference. The old prio-j 
ciple of open stoves is undoubtedly wasteful o^ 
ftiel, as a large portion of heat escapes up th«; 
chimney ; but it is doubtful whether any of thes^, 
modern inventions yet accomplish great economy^ 
of fuel, accompanied with moderate cost and easyi 
application. ^ 

(256.) The stoves which come now to be men-j/ 
tioned are of a different character, and form that 
class (the only one known in many parts of Europe)^j 
which heat the air by contact with their surfaces,^, 
and not by radiation dii'ectly from the burning fiiet/ 
itself. In most of these stoves the fire is wholly,; 
concealed from view ; while in a few, of modern^ 
invention, a part of the fire is dimly seen throughj 
talc placed in the front. 

(257.) In the Nortli of Europe, close stoves 
alone used for heating buildings. In Russia ai 
Sweden, the stove is generally made of bnck. 
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rfjthte'wwifl;' iltiis usually either square or oblong, 
and'Jfi^^UlKd^ by partitions into different compart- 
ments; «6 as to increase the surftice over which the 
sbu^e iaHd heated gases pass before thev finally 
escape into the chimney. The materials which 
compose the stove, being slow conductors of heat, 
they retain the heat for a long time when once 
warmed ; and these stoves seldom require replenish- 
ing with ftiel more than once a day. They usually 
bum wood for fuel, and are supplied by a fire-door 
exterior to the room intended to be warmed. 
M. Guyton endeavoured to introduce these stoves 
into France at the close of the last century, and 
paid much attention to the best form of construc- 
tion and the comparative cost of fuel, the results of 
which were published in the Annales de C/nmie* 

Mr. Cundy took out a patent in this country, in 
1844, for a stove made of fire-clay, which it was 
supposed would combine the advantages of an open 
fire with the mild heat from earthen or pottery 
surfaces. The large size which such a stove re- 
quires to be, in order to afford sufficient heating 
surface for a building of any considerable extent, 
must necessarily prevent its general application ; 
and it has not hitherto proved generally successfiil 
where large areas are required to be heated. 

(258.) In Germany, iron stoves are used, which 
heat the air by contact with their surfaces. A very 
superior stove is also used, made of glazed earthen- 
ware, which is very similar to the Swedish stoves 
just described, and which gives a mild and agi'eeable 
heat This stove necessarily occupies much room ; 
btit ft is decidedly the best construction for a close 
stove, as the quality of the air is less injured by it 
than by the heated metal from ordinary close stoves. 
Wfth all these close stoves it is usual to employ a 

* See also " Repei-tory of Arts," vol. xvi., p. 254, H seq. 

R 



yase of water to supply mOTSturei to the; air,; to 
prevent the unpleasant effects which would otiiCP- 
wise be experienced, and which will be notdced in 
the following chapter. 

(259.) In this country, hot-air stoves constructed 
of iron have been usually employed for warming 
large building, until the introduction of tlie plan of 
warming by steam and by hot water. 

The hot-au- stove is too well known to need 
description. It maybe observed, however, that the 
great defect of these stov^ is that they heat the 
air too highly, and thereby render it uiiwholesom^e ; 
and whatever plan of construction tends to increase 
the heated surface exposed to the air without in- 
creasing the size of the fire-box itself, will of course 
lower the temperature of the surface which heats 
the air, and thereby render the stove less objecticMi- 
able. This has been accomplished in a very inge- 
nious manner by Mr. Sylvester, by means of covering 
the cast-iron case, which receives the heat fi-om the 
fire, with iron ribs projecting tliree or four inches 
beyond the surface of the case. These ribs greatly 
increase the surface, and thereby reduce the tempe- 
rature, which is the great desideratum in these 
stoves. 

(260.) The method of heating by cockle stoves 
is hut little more than a modification of the ordinary 
hot-air stoves adapted to a larger scale. Mr. Strutt, 
of Belper, in Derbyshire, appears to have been the 
first person to introduce an improved method of 
heating by cockle stoves ; and from the year 1792, 
when he first warmed his large cotton factories fai 
this manner, viuious improvements have been made 
in these stoves, which, without at all altering their 
principles, have rendered their application more 
general. 

The cockle stove consists of a very thick hron 
case, which forms the top and sides of the furnace. 
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11u& cas6> or cockle, is inclosed in another case of 
brick 6T «tane; placed so as to allow a space of three 
or foul? inches, or more, between them in every part ; 
and appropriate openings are left for the admission 
of cold air at the bottom, and for the emission of the 
hot air at the top, which is from thence conveyed 
through channels or pipes to any place which is 
i^equired to be warmed. A vast number of ingenious 
contrivances have been proposed for the improve- 
ment of this apparatus, and for many years it was the 
principal method of warming all the large buildings 
in England. It has been sometimes called the 
Belper stove, after the name of the residence of the 
inventor. The unwholesome effects of these stoves, 
however, have caused them to be now nearly super- 
seded by the use of hot-water pipes, which, from 
their lower temperature, are free from the injurious 
tendency which the hot-air stoves have always been 
found to exhibit.* 

(261.) A stove invented by Dr. Nott, of Phila- 
delphia, has been found to produce very considerable 
efifect with but a small expenditure of fiiel, and 
requiring very httle attention. This stove is usually 
something of a pyramidical form. The lower part, 
which forms the fire-box, is lined with fire-bricks, 
and the stove is divided vertically into two compart- 
ments. The fiiel is put into this stove through an 
opening near the top, which forms a reservoir for the 

* The heating power of these Oockle stoves is very con- 
siderable. Mr. Sylvester states, in his work " On Heating the 
Derby Infirmary," that a Cockle which has 17 square feet of 
heating sur&€e warmed 344,600 cubic feet of air 56° in 
12 hours, with the consumption of 60 lbs. of coal. This is 
equal to 26,768 cubic feet raised 1" per minute by 17 square 
feet of heating surface, or. 1,574 cubic feet of air raised 1" per 
minute by each square foot of the surface of the Cockle. This 
is just 7 times the effect produced by hot- water pipes (see Art. 
99 and 105); but in economy of fiiel it is inferior, being in the 
proportion of about 19 to 22. 

r2 
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&iel, and occupiee the ir&ait part o£ the sttive-, and 
the smoke passes downwards through' a grating 
placed at tlie bottom, and then escapes tlwoi^h the 
hack part of the stove into the cliimney. The air 
ibr the support of the combustion enters the stove 
principally on the topof theftiel,and a small portion 
also enters below. As the fuel burns but slowly in 
consequence of the small quantity of air admitted, 
the fire-box and reservoir, when once filled, will 
BUpjiIy fiiel for several hours, and give a very great 
heat. In fact, the heat is generally so considerable, 
amd the air is thereby rendered so arid, that it is 
extremely unpleasant and unwholesome to those 
who are exposed to its influence. 

(262.) One of the most economical stoves as 
regards the consumption of fuel, that has yet been 
invented, is that which has been introduced by 
Dr. Amott. This invention is an improvement (in 
some respects) upon Dr. Nott's stove above de- 
scribed, the piincipal difl'erence being the limiting 
the admission of air by which the combustion is 
regulated, and by separating the burning fuel more 
perfectly from actual contact with the heating sur- 
face of the stove, by which means the excesave 
heat of Dr. Nott's stove is in a great measure 
avoided. The plan used in these stoves for regu- 
lating the admission of air was, long previous to its 
application by Dr. Arnott, employed for hmiting 
the intensity of the heat of fiimaces ; for which 
invention. Dr. Ure, some years since, obtained a 
patent. Dr. Amott's stove consists of an external 
case of-iron, of any shape that fancy may dictate: 
within this case a fire-clay box, to contain the fuel, 
is placed, having a grating at the bottom, and a 
space is left between the fire-box and the exterior 
case, so as to prevent, as much as possible, the 
communication of too much heat to the exterior 
case. The pedestal of the stove forms the asli-pit. 
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And Idiew l^ihdoc<mipiiia»ktittkM between the stove 
Anditii^ ashi|^/ekce][it through the grating at the 
^bAtiiim ^ f the- ftre^box. A small external hole in 
tiie«feh-piti covered by a valve, admits the air to 
the ifire; ^anid according as this valve is more or less 
Djw^iiy • the vividness of the combustion is increased 
or <limimshed^iand thence the greater or less heat 
i»rodaeed by the stove. The quantity of air ad- 
mitted fey this valve is governed by a self-regulating 
Sparatus, either by the expansion and contraction 
air confined by mercury in a tube, or by the 
ungual ejtpansion of two bars of different metals 
riveted together, on the plan proposed by Dr. Ure.* 
The smoke escapes through a pipe at the back of 
the stove ; very little smoke however is eliminated 
from these stoves, the fuel being always either coke 
or anthracite coal. By adjusting the regulator so 
as to admit only a small quantity of air, the tem- 
perature of the stove is kept within the required 
limits; and' owing to the slow conducting power of 
the fire-<jlay, of which the fire-box is formed, the 
heat of the fuel is concentrated within the fire-box, 
and the ftiel burns with less air, and therefore more 
slowly than it would otherwise do. This slow 
combustion of the fuel, however, produces a large 
quantity of carbonic oxide, which is liable to escape 
into the room, and being a strong narcotic poison, 

* This ingenious and simple invention consists of two thin 
narrow bars, one of brass or copper, and the other of iron, about 
eighteeh inches or more in length, riveted together at each end. 
On subjecting this compound bar to heat, the brass expands 
oonaiderablj more than the iron, and the elongation of the bars 
<^uses them to open in the oentre and recede from each oiiher 
(forming a bow), in consequence of their being riveted together 
at both ends. The greater the heat, the more the centre of the 
bars recede from each other, or the greater the arc of the bow 
becomes ; and by combining together a series of these bars, 
alxuost any ^xtent of motion may be obtained for the purpose of 
opening or closing valves or air-passages of furnaces or ovens. 
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is attended with considerable danger to those who 
breathe it. The escape of this gas from these stoves 
has been experimentally ascertained by Dr. Ure, by 
attaching to the ash-pit of a stove a glass vessel 
containing a solution of subacetate of lead, which 
was speedily acted upon by the carbonic gas, and 
formed into the insoluble carbonate of lead,* Car- 
buretted hydrogen gas is also frequently formed in 
tliese stoves, and many dangerous explosions have 
in consequence occurred, and many calaniitous fires 
have been produced by them, and they require, 
therefore, to he used with the utmost caution. 
The endeavours to prevent these explosions have 
hitherto been unsucceBsful ; and so long as the 
principle of the extreme slow combustion and small 
admission of air is preserved, it will probably be im- 
possible to prevent them occasionally taking place;. 
They appear to arise from the inflammable gases 
generated during the combustion of tlie fiiel, being 
detained in the stove and in the chimney, by the 
want of sufficient draught ; and they are particu- 
larly liable to occur when the chimney is very 
large, or, if it consists merely of an iron pipe, and 
is much exposed to the cooling influence of tlie 
atmosphere. In such cases the heat which escapes 
into the chimney is insufficient to cause the ascent 
of the liberated gases ; they therefore collect in the 
stove, or in the chimney, and the explosive effects 
become visible whenever the air and the gases mix 
together in certain proportions. Tlie compound- 
thus formed is similar to the gas kno^vn in mines 
by the name of fire-damp ; and this mixture will 
explode whenever the carburetted hydrogen is not 
less than one-twelfth and not more than one-sixth 
of the whole mass. The explosion of carbonic 
oxide only takes place under particular circum- 

* Ure's " DictioBfti-y of ArtB," etu. ; art " Slovo." 
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statiees^)fbiutl*ed2botl diaarcoal wiU cause it to ex- 
plode ^wheni mixed m the proportion of two measures 
ofoxide to one'of atmospheric air;* and Dr. Dalton 
has remarked other circumstances under which this 
gas may explode when mixed with atmospheric air, 
the carbonic oxide being not less than one-fifth 
and the oxygen not less than one-thirteenth of the 
whole mixture.f Many plans to remedy these 
evils have been proposed, principally by the ad- 
mission of air above the fuel as well as through 
the ash-pit in the usual manner ; but occasionally 
this increases the evil, during certain stages of the 
combustion, though generally the effect is to in- 
crease the temperature of the stove so much as to 
render it extremely unpleasant, and Kable to all 
the objections which exist against the old hot-air 
stoves. The immense number of serious accidents 
which have occurred from these stoves, ought to 
render those persons who use them extremely 
carefdl. The great source of danger arises from 
their £sincied security; and this erroneous notion 
has caused them to be placed in situations not 
sufficiently protected ; and either by explosions, or 
by the stoves from accidental causes becoming 
red-hot, many buildings have been set on fire, and 
most serious damage sustained. | 

* Dr. Henry's " Chemistry," voL ii., p. 347. 

+ Dr. Dalton's " Chemical PhUosophy," p. 373. 

J The author is in possession of an extensive list of accidents 
caused by these stoves, some involving total destruction of the 
buildings, and many more of serious damage. In one of the 
former tbre« lives were lost; and among buildings totally 
destroyed is to be reckoned Okehampton Church, and (almost 
beyond a doubt) the Armoury at the Tower of London ; Howth 
Cfcifitle, near Dublin ; Larkfield House, Sussex ; and a vast 
number of other private and public buildings, have had nan-ow 
escapes from destruction from this cause. And wherever these 
stoves are used, the utmost caution ought to be obsei^ved to keep 
them insulated from everything of an inflammable nature. 
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;'i'j(263i) A very'Ox<3eHent-contsrfTaho6 fbpii 
wliich biinie coal, and at the same time consutries 
its o\vn smoke, was invented by Dr. Franklin, iti 
the year 1771. Nearly a century previous to that 
time, M. Delesme, a French engineer, described an 
exceedingly rude contrivance on a similar prin- 
ciple, which was ntterwards mentioned by Dr. Letrt- 
inaim in a work on stoves, published by him in 
Germany, in 1723. Dr. Franklin expressly acknofw- 
lodgcd that this stove of Delesme gave rise to his 
Qvrn invention. This stove is in the shape of a 
lai^e vase, of which fig. 39 is a section, and it is 
iully described in Dr. Franklin's 
works.* Near the bottom of the 
body of the vase a grating c 
is placed, on which the fuel 
rusts, and the top a b opens for 
the piirjiose of supplying the 
fUel : D is a square box forming 
tJie pedestal of the stove, at the 
bottom of which another grate is 

fixed to allow the ashes to fall .. r, -[.. nj a rw,^ 'i - ■„ 

into the box E. This latter box llJ^L/jr^_lL-f.l[<| 
is open at the back, and communicates with the hot- 
air passages // and g g, through which the heated 
gaseous matter given oif from the fuel passes before 
it entera the chimney. It will be perceived that 
the draught of this stove is downwards; that is, 
the air enters at a small hole, about one-and-a-half 
inch diameter, at the top of the stove, passes through 
tlie fuel in the vase, and escapes, together with the 
gaseous products of the fuel, through the pedestal 
D, the box E, and the hot-air passages //and gg. 
That portion of the fiiel which lies on the grate c, 
is always red hot; and the smoke from any fresh 
friel having to pass through tins heated medium, iS 




coBfAuned; aodthcr gases pass of¥ in a clear and 
r.almoat invisible state, so that no smoke lodj^es in 
(tJiCfttir passages, or in the chimney. Like all stoves 
iwHh a downward draught, the fire is troublesome 
rto light in the first instance ; but when once hghted, 
-it can be made to burn for almost any length of 
tame vrithout attention, by merely adjusting the 
opening at the top for the admission of air, and the 
consumption of fuel is extremely small. 

This stove, with some slight alterations, has been 
brought before the public on more than one occa- 
sion since Frankhn's time, as a new invention ; and 
within the last four or five years it has been again 
brought forward with arrangements very decidedly 
inferior to those proposed by Franklin. As designed 
by him, this stove is the best and most economical 
of its class, superior to Dr. Amott's stove in its 
equality of temperature, economy of fuel, and per- 
manence of action; though like the latter, and all 
others of the same general character, the want of 
ventilation, and the peculiar effects produced on 
atmospheric air by highly heated iron, render it 
undesirable for constant use in rooms for ordinary 
and domestic occupation. 

(264.) The application of a method of burning 
carburetted hydrogen or coal gas, for the production 
of artificial heat for warming buildings, is an inven- 
tion of rather recent date. The apparatus in which 
this is effected is very simple. A metaUic ring, 
pierced on its upper side with a great number of 
holes of very small size, is connected with a pipe 
communicating with the gas main, and is placed 
within a double drum or cylinder of iron, raised an 
inch or two from the floor on small legs. This 
double drum is so made that there is a space be- 
tween the inner and outer cyhnder of about two 
inches ; and in this space, near to the bottom, the 
rijig pierced with holes is fixed, A stop-cock in 




ha» bcCB tmttani W vfeick ■ eanaderable 
■ <if dfee |inii^li ai dbe cnMJMmiOM are car- 
ried off br a ppe iwiitr j h utjui Ae two ctHo- 
dets iriara am w e y % mmtj tke y eoas products into 
Hht opm sir. 

A modeiate sned fltoTV of this descriptioii bums 
from 12 to 15 cidnc feet of carburetted hydn^n 
pm per hour; and tfak is converted Into two new 
compounds — water and carbonic acid gas. The 
tiiiaiitity of water fonned will be 2*6 cubic inches 
Utr each cuWc foot of carburetted hydrogen, or 
about a pint to a pint and a quarter of water per 
hour; und from 12 to 15 cubic feet of carbonic 
odd gOH, and eig/ti times that quantity of nitro^n, 
will be the constant products of the combustion, 
(infl produce the most serious deterioration in the 
iiiifllity of the air. But when these gaseous pro- 
(Imrtu art! carried off by a chimney, the loss sua- 
tflini'd will be very nearly one-half the total heat 
whieli in prodticod by the burning of the gas. 

()i(U).) Dr. Daltoii's experiments have proved 
that thi! CDinlmstion of one pound in weight of 
ciirbiirt'tted hydroj,'en gciUTfited sufficient heat to 
imll Hr> IhM. Ill ice. A cubic (but of this gas weighs 
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2d2*S& gridnft ; ^nd a stove burning 15 cubic feet 
an- hows, for 15 hours a day^ will consume 225 
cubic feet^ or 9*41 lbs. of gas, which therefore would 
melt 799 lbs. of ice ; and the cost of this quantity 
of gas, at the present price of five shilUngs per 
1000 <;ubic feet, would be one shilUng and three 
halfpence. The latent heat of water being 140% 
the same quantity of heat that would melt 799 lbs. 
of ice, would heat 179*2 cubic feet of water 10**. 
And as one cubic foot of water will raise the tem- 
perature of 2990 cubic feet of air as many degrees 
as the water loses (Art. 97), the combustion of 
225 cubic feet of carburetted hydrogen gas would 
raise the temperature of 535,808 cubic feet of air 
10^ This, then, will be the total effect of a stove 
of this kind. But we find (Art. 94), that 15*91 lbs. 
of coal will produce exactly the same quantity of 
heat, the cost of which, at 21 shillings per ton, 
will be only about twopence, or, to allow for waste 
and imperfect combustion, say the coal will cost 
threepence; it therefore appears that the cost of 
fiiel for a gas stove without a flue will be about five 
times as much as a hot-air stove that burns coal, 
and about ten times as much as for coal, if the gas 
stove has a flue for carrying off the products of the 
combustion.* Sir John Robison, who did much to 
improve the gas stoves, and particularly in applying 
them to the piuposes of cooking, in a paper read 
before the Society of Arts for Scotland, after 
describing some of his improvements, concluded 
by stating, '' on the whole, it may be assumed that 
this mode of heating apartments is the most expen- 
sive, the least efficient, and, excepting that by 
Joyce's charcoal stove, the most insalubrious that 
can be resorted to."f 

(266.) The stove invented by Mr. Joyce, for 

* See note to Art. 66, ante. 

t " Meohanios' Magazine," voL xxxiL, p. 292. 
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buAih)^ charr uM, has been &» mti^etanny «dMitt»d 
an too unwhr4f«om« fnr use, that it would' be-alnioM 
Unnecessary to describe it, were tt not for the t»8t 
jntrrest it excited nn its first announcement to th« 
public. Tlie stove consists of a thin mrtal case, 
generally in the form of an xam or vase. Throi^h 
the bottom of this, there is a small pipe which rises 
for two or three inches into the bodv of the stove, 
and terminates about the centre in a conical-shaped 
fijnnel, closed at the top, and pierced full of holes. 
This pipe conveys air to the fuel; and at the top 
of the stove there is a valve or regulator, by which 
the rate of combustion can be controlled ; for no 
more air will enter the lower pipe than is sufficient 
to replace the volume of gas given off from die 
valve at the top of the stove. A small quantity of 
ignited charcoal being placed in the stove, the 
remaining space is filled up with charcoal not 
ignited; and the combustion is slowly carried (ffl 
by the air which enters at the lower pipe, and can 
be continued for a vast number of hours without 
any attention. The whole of the charcoal is con- 
Tcrtc'd into carbonic acid gas, the effects of which 
are fatal to animal life. Little or no smelt is 
emitted by these stoves ; the charcoal being de- 
prived of its usual pungent quality, by rebuming 
It thoroughly in a close oven, and quenchii^ it 
while hot with an alkaline solution. Independent 
of all other considerations, these stoves are a most 
expensive mode of producing heat, owing to the 
high price which charcoal always bears in tliis 
country. 

' These stoves are remarkable chiefly for the ex* 
troordinary interest they excited on their first intro* 
duction to public notice. Before the specification 
for the patent was enrolled, one of these stoves 
was publicly exhibited for several weeks; and 
probably no invention ever excited so much attend 



tHMifioJeoalKM* aitamej as the nature of the ftiel 
»nd- plan of combustion were strictly kept secret, 
ajid it was supposed a new era in the production of 
artificial heat was about to commence. No sooner 
did the stoves come into use, however than thrar 
deleterious effects were apparent. Several persona 
were suffocated by using tliem ; and the high anti- 
cipations, which at first were entertained of them, 
were quickly dissipated, and their use reduced 
within very narrow limits. 

, (267.) An immense number of stoves have been 
brought before the pubUc duiing the last few years, 
of which the novelty consists in nothing but their 
names. To describe them would he useless. Like 
other ephemeral productions, they will mostly sink 
into oblivion, and probably be succeeded by others 
as devoid of originality. There is stiU room, how- 
ever, for great improvements in the production of 
stove heat ; but, until the salubrity of the open fire 
grate can be combined witli the greater economy 
of the close stove, there does not appear much 
probability of satisfying the required conditions, as 
all which have hitherto been mvented are deficient 
m one or other of these particulars. 

(268.) The same objections also, to a greater or 
less extent, apply to all the methods of heating by 
flues. The es^remely unequal temperature of the 
fines causes an insurmountable objection to their 
general adoption, even if their great expense and 
difficulty of adaptation to dwelling-houses or public 
buildings did not operate agamst them. One of 
the best systems of flues was proposed a few years 
since, by Mr. Alfred Beaumont, in which the prin- 
cipal novelty consisted in the fiirnace being built 
fihove the flue, and having a downward draught. 
By this means the smoke from the fire was nearly 
or quite consumed, and a very great evil of common 
flues thereby prevented ; as the surface of the flues 
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being by this means free from soot, which is aiion- 
conductor of heat, a more free distribution of heat 
took place than by the old flues, and the fire was 
also mucli more under control. The principle, 
already described, for downward draughts, applies 
equally to this jjlan. The ftirnace (in some cases) 
was merely a circular hole sunk in the floor, about 
two or three feet deep. The bottom, when in use, 
was a solid plate ; which was moveable, to take 
away the ashes. About three inches from the 
bottom there was an entrance into the flue ; through 
this the flame and the products of combustion 
passed to the flues, and the fire being always bright 
at the bottom, the combustible gases from the tresh 
fiiel, by passing through this, were converted into 
other products, which did not deposit smoke. In 
other cases, a stove made of fire-clay was raised on 
tlie floor ; and the flame and heated gases passed 
into the flues, which formed the stone flooring of 
the room to be heated. In all these cases, the 
principle was the same ; and several publfi; build- 
ings were heated on this plan, which is probably 
tlie best of any system of flues. 

The Palmaise system of heating was, a few yeara 
since, a great favourite with some persons, who 
anticipated from it results, which a very slight 
acquaintance with true science would have shown 
to be utterly fallacious. This plan was in reality 
nothing more than the old mode of flue-heating, 
with a very slight modification in the form and 
construction of the furnace. The plan is now so 
completely abandoned that it hardly merits more 
than a very casual description. The furnace was 
merely a plain square or oblong box of fire brick, 
with a strong cast-iron plate forming the entire 
top ; and beyond this were the usual flues, such as 
ordinarily used in the old plan of heating green-, 
houses. The only novelty, therefore, consisted la 



-wing ^iQistiiroii^plat^.to coyer the top of the fiir- 
flj^acie ; and t^s plate becoming intensely heated, the 
jair. w«s brought in a continued stream over it, thus 
imbibing heat in its passage into the room or 
Iwrilding to be heated. It is useless to point out 
the defects of this plan ; they were numerous and 
palpable. It combined all the defects of the old 
flue system, added to those of the cockle stove, 
and others peculiar to itself, arising from its primary 
construction, which rendered it so liable to accident 
and derangement that it was found utterly valueless 
for any practical purpose. Its name was derived 
from a small town in Scotland, where this particular 
form of flue heating was first used ; and its sup- 
posed cheapness of construction obtained for it at 
first many advocates, who, however, shortly found 
that its want of durability rendered it unsuitable for 
general use^ while in other respects it was decidedly 
inferior to the old system of heating by flues. 
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CHAPTER in. .^ 

on THE CHANGES PRODUCED IN ATMOSPHEUIC Alfl, BY 
HEAT, COMBUSTION, AND fiESPlRATlON. 

Necessity for Ventilation — Coustitiition of the Atmosphere — 
Ventilation first prop6s<^d in Sixteenth Century — Subae- ' 
i qiieot Inventions for Ventilating — Bffecta of Ccaitamiuntjiil ' 
Air on fho Human frame— Efiects of Climate oo Jiealtiiit 
and Longevity — Cause of JUiaamata^ — ^Effeeta of oxcmqjtb; 
Moisture and oscessive Dryness of t!ie Atmosphere — Jtp- 
Bpiration: its Products and Effects — Impure Air — Carboiiiri- ' 
acid Gaa — Vapour from the Body — Effect of DimiiuBhed 
PresHure — Electric Coadition of the Aii" — PtoductioB of I 
Ozone — Decomposition of extraneous Matter in tba Ai» — i.j 
Effects of Hydrogen, Carburetted Hydrogen, and Carbonic r 
Oxid&^Quantity of Ait required for Ventilation — ^Imjibrt^ ' 
Bites of tie Air to Animai and Vegetahle Life, ■. ;jimi| 

-■ i; tinna^ 
(269.) Probably no subject connected with'the*'*' 
health and vigour of the mind and body deserves''* 
more, and receives less attention than the condition' 
of the internal atmosphere of our houses and apart-' I 
ments. Atteni])ts are indeed occasionally made tpi') 
introduce some system of ventilation in pub]id' *. 
buildings, but they are far more frequently unsues^a 
cessful than otherwise, in consequence of the -a 
an;angements not luuTOg formed any part of the'"' 
original plan, and being mere additions of a vetyii 
imperfect character. In private dwellings, however, 
ventilation appears never to be considered as at all 
necessary; hut if the contaminations and impurities 
that are frequently contained in the air, which ' 



VENTILATION. 257 

forms the pabulum viUe of human beings, could be 
seen by the eye, in the sanic way as contaminations 
or impurities in ordinary alimentary food, the evil 
would not be endured for even the smallest period 
of time. 

(270.) The real constitution of the atmosphere 
has been known, comparatively, but a short time; 
the experiments of Priestley, Schcele, and Lavoisier, 
in the latter part of the last century, hanng first 
made known its true nature. More than twenty 
centuries previously, however, Hippocrates wrote 
so justly on the immense importance of breathing 
pure air, of the great influence which it exerted on 
health and longevity, and laid down such excellent 
rules upon the subject, that few writers, even of 
the present day, appear to have more correct 
notions of the vast and important effects which the 
air produces on the human frame, tlian were pos- 
sessed by this great father of medicine.* Agiicola, 
however, in the sixteenth century, appears to have 
been the first writer on artificial ventilation ; he 
having recommended the ventilation of mines by 
producing a current of air by fire, much in the 
same manner as has been practised in the ordinary 
ventilation of mines ever since his time. Nothing 
of any considerable importance occurred after this, 
until Desaguliers, in 1 727, proposed a ventilating 
prnnp,*)- which some years afterwards Dr. Hales J 
applied in a better manner, and to a considerable 
extent, in the ventilation of ships, hospitals, prisons, 
and other places, which were found to be unwhole"- 
Bome by confiined air. In 1734, Desaguliers in- 
vented a centrifugal ventilating wheel, or fan ; and 
in 1 739, Sutton proposed a plan of ventilating ships, 

* " Hippocrates," lib. " De Aere, Aqids, et Loois." 
t " Philcisopliical TransJictiuns," 1 727, vol. xxxv., p. 
J Ibid, 1743; find Dv, Hales, "On Ventilators." Lohaii^' 
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yrhich w;psi^tQ4,in Rawing tii^ air^fqMifP<iMtM'i» 
combustion of the f'ueliiv the ship's paokuig apppp 
r^tiis, tlirough pipes leading from tlie liokl, ajJA 
other confined places,* precisely on the same pla» 
that has been repeatedly adopted since his time^ 
and has also been applied to the present Houses pi' 
Parliament, ^ice the time of Hales, many plans 
have been proposed for ventilating biuUlings> but 
they are mostly modifications of one or the other 
of the methods here described, and these metliods, if 
properly applied, are amply sufficient to accomphsh 
all that is required. 

(271.) Few persons have any notion of the vast 
consequences which resuh from impure air ; and how 
seriously the duration of human Cfe is affected, by 
want of proper attention to this important subject. 
Dr. James Johuson,-|- speaking of the eflfects of im- 
pure air, says, " that ague and fever, two of the 
most prominent features of the malarious influence, 
are as a drop of water in the ocean, when compaj'ed 
with the other less obtrusive but more dangerous 
maladies that silently disorganise the vital structure 
of the hinnan fabric, under the influence of this 
deleterious ai^d invisible poison;" and experieace 
proves that multitudes shorten their lives by breatb- 
mg impure air, and many more lay the foundation 
of diseases, accompanied by years of pain and 
sorrow, by neglecting to avail themselves of tiie 
bountiful provision of nature, which spontaneously 
affords to all who choose it, an unlimited supply; of 
this important element, and requiring merely ad 
unrestricted and free passage to diffuse itself abun- 
dantly in every direction. , ,,, 

(272.) The powerful effects which are produce^ 

(in the animal fiinctious by certain deleterious ga^^ i 

are very imperfectly known, as they are generally j 

* " Philosniihical Trail aactious," 1713, vol. slii., \\ 43., 

t " Diiiry of a Pliilosuplier," 
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ftWTt^J-'iAf.i^d' diluted aC'state ds to tender their action 
jSlbW, itid'-almost ittrperceptible. But to be aware of 
iJieir tt^l nature and influence, we should see their 
efltects in a more concentrated form. Dr. Christison, 
in his work on Poisons, quotes from Halle a de- 
scription of the effects of the gases from the fosse 
iTAisance of Paris, on those who inhale them ; and 
Dr. Kay gives the following account of them in his 
work on Asphyxia.* " Often the individual exposed 
to them perishes in a moment, his head and arms 
falling, and the trunk being doubled up from the 
instantaneous loss of muscular power. If death does 
riot immediately occur, the victim, when he recovers 
from the first effects of this exposure, is affected with 
pains in the head, nausea, fainting fits, severe pains 
in the stomach and limbs, and constriction of the 
throat. Sometimes he utters involuntary cries, or 
lapses into delirium, accompanied with the sardonic 
laugh and convulsions, or tetanus ensues. The face 
is pale; the pupil dilated and motionless ; the mouth 
filled with a white or bloody froth ; respiration con- 
vulsive ; the pulsation of the heart irregular ; the 
skin cold ; until at length complete Asphyxia and 
death terminate the scene of suffering." The gases 
which produce these effects are combinations of 
ammonia, sulphuretted hydrogen, and nitrogen; 
and all these gases are occasionally to be found in 
the contaminated air of close ill-ventilated rooms, 
though of course in smaller quantities. The effects 
of cfimate are of the same kind. The impurity of 
the air in certain localities produces the most fright- 
ful results. Cretinism, although its cause is not 
positively ascertained, is ascribed by medical writers 
to confined air and other agencies ;f and so frightftil 
and revolting is this state of degeneracy of both body 

* Dr. Kay's " Physiology and Treatment of Asphyxia," 
p. 326. 

t Dr. Hawkins's ''Medical Statistics," p. 198. 
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^L^^ • l>r]gc: Kcal^i and in its most &i^<&l oaitma:^ 
^^^m ^nie picture is ^tno6t too fi^tfid to copf, «id if 
^^^H oaly mcond to bis dt^aiptiofi of aootkcr "■"nrgffc 
^^^V -feDagia,aming from the sazoe cause, trhkrh affiiotv 
^^^^ R^wiy oiMMKC-vi:!!!!! of the inhabitants of the Ltm- 
bflTfl^^-Vcnctian Plamg^-f' and the wretched TKtinii 
fit whicb rot away id a state so painAd and disgiutii^ 
tiutt the dLiicrfption nhhoXuludy dckem the nwkr. 
and ijr«;par»> tiioi for the announcemfnt. that mulr 
titiult-it of tbt:!>« wretched beiogs end their stale of 
hoj>eleft)t mi-ier}' by committing suicide, which they 
Kfenerally do by drowoing. 

(273.) The statistical reports laid before Parliat 
tncnt by the War Office, on the sickness iind mortality 
of the troops of the United Kingdom stationed i« 
diffferent parfef of the world, prove most clearly the 
il1inien»e effect ujjon human life produced by small 
and almost inappreciable differences in the qualit]f 
of the atmoapliere. For on the same class of persouf 
ptrforniing the same duties, and placed as ne^-ly as 
po^Hihle in the same circumstances, the average 
mortality varies in different parts of the world, froig 
I'37 per cent, per annum to 66*83 per cent, per 
eiinum ; or the mortality is nearly forty-nine times as 
great in some localities as in others.J The morbific 

■ • Dr. Jbtoob Johneon's " Ohange of Air, or Hie Parsoit rf 
HwMi," oto., 11, 66. 
t IU(l, i>. 75. ' 

'J ThWfO reports prcwent the result of twenty years olH<ervw> 
Hon, dnrt *«■« ililfl heOtro Parliament in the years 1838, 1639^ 
niicl IW40, biiitig rcBpootivcly for "The West iDdiea,"' " Ttw 
Uiiittid KiiijKcWi, the MetliteiTanoan, a»d Britisli Aiaarica;" 
nritl '■ Wr«tf!rri Afiim, the Mauritius, etc." The following liat 
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gfil^Hjfal >i«iWatii pirtfe of the globe, is weU known. 
^THfef fctedkisi of the Nile about Sennaar," says Bruce, 
^S^setiible the pleasantest part of Holland in the 
i^&nnmer season; but soon after, when the rains 
feeiase, and the sun exerts his utmost influence, the 
dord begins to ripen, the leaves to turn yellow and 
to rot, the lakes to putrify, smell, and be full of 
v^tnin, and all this beauty suddenly disappears — 
biare-scorched Nubia returns ; iand all its terrors of 
poisonous winds and moving sands, glowing and 
ventilated with sultry blasts, which are followed by 
a troop of terrible attendants — epilepsies, apoplexies, 
violent fevers, obstinate agues, and lingering and 
lainfiil dysenteries, still more obstinate and mortal."* 
So pestilential is this spot, that " no horse, mule, ass, 

is extracted from these reports, and ^res the mortality per cent 
per mttvum^ among white troopa onlj, exclusiye of native 
troops: 



British Gruiana 
Tnnidad . 
Tobago . . 
Grenada . 
8t Vincent's 
Barbadoes 
St LadB' . 
Dominioa . 
Antigua, eta 
Si Eatts . 
JTamaica . 



Per Cent. 
. 8-4 
. 10-63 
. l^'2S 
. 6-18 
. 5-49 
. 5-85 
. 12-28 
. 13-74 
. 4-06 
. MO 
. 12-13 





Per Cent. 


Sierra Leone . . . 


. 48-3 


Cape Coast Castle . 


. 66-83 


St. Helena . . . 


. 3-3 


Cape of Good Hope 


. 1-37 


Cape of Gk>od Hop 


D, 


Frontiers . . . 


. 0-98 


Mauritins .... 


. 2-74 


Ionian Islands . . 


. 2 52 


New Brunswick . . 


. 1-47 


United Kingdom 


. 1-4 


Canada .... 


. 1-61 



. -These interesting i-eports give many particulars relating to 
llie cliinate of each place. The principal characteristic of Sierra 
XieoQe and Cape Coast Castle is the extreme humidity of the 
atmosphere. In the year 1828, upwards of 313 inches of rain 
fell in three months at the former place; and in the following 
year the quantity was 144^ inches in six mouths; but owing 
to the registers being imperfect the aimual mean quantity has 
not been exactly ascertained. 

* Briice's "Travels," voL vi, p. 387. 
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or any beast of burden, wiU breed ax even, live rat 
Seiuiaar, or many mileB ro\md it. Poultrj' does not 
live there. Neither dog nor cat, sheep nor buUock, 
qam be preserved a season there. They must all. go 
every half-year to the sands."* Dr. James Johnson's 
graphic account of the Campagna di Roma,f and 
its poisonous exhalations, and Signor GaetMiD 
Giorgini's account of some other pestiferous localif 
tiesjj give a sufficient idea of the effects of appa*- 
rently small corruptions of the atmosphere. Aiii 
these accounts, to which vast numbers of othen 
might be added, all prove how very small an 
alteration in the constitution of the atmosphere 
materially affects the health of all who expose 
themselves to its influence. Professor Daniell bai^ 
lately ascertained some facts, which render it pror 
bable that many of the localities desolated by malarie. 
owe their unwholesomeness to small quantities of 
sulphuretted hydrogen, produced by decomposition 
of the sulphates contained in sea-water by decayeij 
vegetable matter.§ 

(274.) We have seen the effect of chmate on the 
military, by the returns from the War Office, already 
alluded to. The duration of life among the inh%. 
bitants of different countries is not less remarkable. 
The average deaths annually, throughout England 
and Wales, are in the proportion of one for every 
sixty inhabitants ; and they vary in every country,U 

• " Bruce's Travels," toL vl, p. 381. 

^ Dr. James Johnson's "Chsiiee of Air," etc., pp. 117 ui3 
219. 

J "Ann. de Chimie," yoL xsix.; also, "Loudon and Edin- 
burgh Philosophical Magazine," vol, six., p. 13. 

§ Daniell, " On Sulphwretted Hydi-ogen," etc. ; " London aiiA 
Edinburgh Philosophical Magazine," vol six., pp. 1 — 19, 

II Dr. Hawkins, in. his " Medical Statistics," pp. SO-^T'^i 
givea the foUowing average of the ainnvai deaths ii '" 
localities : — 
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lieiligJ'nSiWly tferbe liiiifes m6re liiimerous in some 
JJitrts' Wf Eiirop^, than in England. Very remark- 
able iiiffdrences occur also in localities differing but 
very little from each other, M. Quetelet, in his 
icdebrated work on Man, states, in reference to the 
effects of climate on the duration of life, that the 
deaths annually in the different localities are as 
follow : — 

iDepartement de TOme , . 
' „ de riniirterre . 

TttffiMice of Namur . . . 
.„ of Zealand ) 

(Netherlands) ) 

■ This great excess of mortality in the last-named 
place, M. Quetelet attributes to the extreme and 
constant humidity of the atmosphere, which pro- 
duces an immense number of fevers and other 
toalaiiies.* The observations of M. Bossi also con- 
firm this opinion ; for, by dividing the Depariement 



1 death in every 524 inhabitants. 
1 „ 30-4 

1 .. 51-8 



W 



M 



28-5 



n 



» 



England .... 
Pays de Vand . . 
Sweden «... 
Holland r . . . 
France .... 
Prussia .... 
Kingdom of Naples 
Wirtemberg . . 
iRussia . . . , 
Venetian Provinces 
United States . . 
Nice ..... 



Iin60 
1 in 49 
1 in 48 
1 in 48 
lin40 
lin35 
1 in 35 



1 
1 
1 
1 
1 



in 33 
in 41 
in 28 
in 40 
in 31 



Naples 1 

Leghorn . . . . 1 

London . . . . 1 

Manchester . . . 1 

BirminglLam . . . 1 

Paris and Lyons . . 1 

Strasburg <fe Barcelona 1 

Berlin 1 

Madrid 1 

Rome 1 

Amsterdam . . . 1 

Vienna . . , . 1 



in 28 
in 35 
in 40 
in 74 
in 43 
in 32 
in 32 
in 34 
in 29 
in 25 
in 24 
in 221 



This average for England, which is stated to extend to the 
year. 1821, does not quite agree with more recent calculations, 
founded on the Report of the Registrar-General, and the differ- 
ence probably arises from some variations in the mode of taking 
the averages. 

♦ "Quetelet, sur THomme, et le Developpement de ses 
Pacult^," etc. ; and " London Statistical Journal," vol. L, 
p. 176. 
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^>id it can be tfihown that, in England tUso, tU^jral 
'*f mortality follows nearly the same ratio, irom thi 
same cimsfs :+ and in tlie rtports on the mortidi _ 
aiivonir trtVfjw atresdy altudud to, the excesKvi 
(inwholesomoness of some particular districts, is 
fttlrihntiHl cntirf'ly to the excessive moisture of the 
ntiiK>s]»heiv, iwrticularly when accompanied by high 
temjHTHtnre. All physiologists have agreed' as to 
the injviriims effects of a heated atmosphere satu- 
nited with moist^ire. Hippocrates, by a comparison 
of tlie ]irevailiiig diseases mth the state of the 
weather, and particularly as respected the moisture 
of the air, drew conclusions, which the observations 
of sncceeiUng ages have fully confirmed. Exces- 
sive diTne&s, however, not less than an extraordi- 
nary ^egi-ee of moisture, equally destroys the 
sahilmtj' of the air ; though the diseases prodiioed 
by these omMWite states are, as might be imagined, 
'of a very diflltTent character.J The monsoon, cr 
'Vilny season of India, the campsin, or sontherl' 

-■i\* " Loadou StatislicalJouriul,'' roL L 

, t Dr. Buckland, at a public meeting (SlaroJi. J^l) stnt^^W 
tliat in the parish of St ^ATgaret's, Leicester, ■wutainin^*" 
25.000 iDliabitsnts, one pMt was eSectnallr drain?%,_s 
iwrte partJklW sc^ mi oAen not at iJI. In Uie lattet 
viran^ dunttiou of life is 13^ jaars, while ia thot 
I Pf^rtjallj- drained the arenige duration is 32J j-eara. 

* Dr. Arbnthnot, " On tlie Effects of Air on Honian ' 
^^odies;° find Dr. Pari;^ " rhannacol<^s,' toL L, p. 197' J^j 



le "* 

'I 



lrt»dfpfeRg3^l*imi4flhe-«»»wMii,or hot; wind wf the 
Asiatic continent, more rapidly destructivo than 
Mther of the others, and which sometimes strikes 
aowii its victims with instant death, are some among 
the numerous instances which might be adduced to 
pi'ove the effects of various excessive degrees of 
heat, moisture, and dryness of the air, upon the 
animal system. 

». (275.) The effects produced on the hygrometric 
condition of the air by various modes of artificial 
^eat are of much importance. Dr. Ure has de- 
scribed* the result of his examination mto the effects 
Iproduccd upon a ^eat number of the gentlemen in 
the Long Room of the Custom House, London, 
ikrising from the use of the powerful hot-air or 
UJockle stoves, used for heating that estabhshment. 
He. foimd they were all affected with the same 
Beasations and complaints; tension or fulness of 
^e head, flushings of the countenance, frequent 
sponfiision of ideas, remarkable coldness and langour 
gca t}ieir extremities, feeble pulse and other sensa- 
■^ons of an unpleasant character. The stoves he 
jbund were frequently red hot, and the air in pass- 
iftg over them was sometimes heated to 110", and 
Bwas ' thereby rendered intensely dry, The animal 
find vegetable matters floating in the air were de- 
[Oomposed; and imj)arted a disagreeable smell to 
l^e atmosphere. This appai'atus was found to be 
eo pernicious that it was removed, and a different 
mode of heating adopted. But these effects, de- 

(iribed by Dr. Ure, are by no means uncommon. 
[The author examined a school heated in the same 
tnanner ; and it was found to be so pernicious to 

ftie health of the children, that they occasionally 

dropped off their seats in fainthig fits ; and when 
■ttiis did not occur, they suffered so nmch by the 

lebilitating effects of tlie intensely heated atmo- 
" PhilosojiLkfil Tranaat Lions," June, 1 836. 
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Onea posaeses a hanh aad aiid feel, the effects o' 
wAidi we hav« abeadr seen. This extreme aiiditj 
of the air causes it tapidlT to absorb moisture fron 
the skin and lua^ «if persons exposed to its influ- 
ence; moA the eraporadoD, by its refrigeratio^ 
efiect, Gontiscts the blood-vessels at the sur&ee, 
while other parts, not being exposed to this influ- 
ence, become in consequence surcltarged with the 
fluids which are repelled from tlie exti^mities.-f 

(276.) A comparison of the dew point of the airy 
made at those seasons of the year which are ths 

* Ijeslie, " On Heat and Moisture," p, 123. 

t Ure, " On Ventilation, c«i : Piiiloeophical TntasactionB," 
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tD(>lt!lwlBlxrichiftr'f|nd v^^ that^ in 

rot)][hs artificially heated^ the most healthy state of 
the. i atmosphere will be obtained when the dew 
pcHnt of the air is not less than 10% nor more than 
jity Fahrenheit, lower than the temperature of the 
room. When these limits are exceeded, the air 
will be either too dry or too damp for healthy and 
9^reeable respiration ; and attention to the hygro- 
metric condition of the air would, perhaps, tend 
more to the amelioration of that numerous class of 
pulmonary complaints which so pecuKarly distin- 
guish the inhabitants of this country, than any 
other remedial measure. 

(277.) The decreased consumption of oxygen, 
when a highly heated atmosphere is breathed, is 
also another circumstance which exerts conside- 
rable influence on health. The experiments of 
Seguin, Crawford, and De la Roche,* on this sub- 
ject, show that, under these circumstances, the 
blood is not so thoroughly decarbonised, as when 
a colder atmosphere is breathed ; and diis, as we 
shall presently have occasion to show, quickly 
operates on the nervous system, affecting the 
animal functions as well as the mental faculties. 
In winter fiilly one-eighth more oxygen is con- 
sumed, than in the smnmer during the same 
period.f 

(278.) The contamination of the air, produced 
by respiration and by artificial heat and com- 
bustion, is very considerable. Wide spreading as 
are the consequences of the malarious influences 
of climate, the effects produced by the contamina- 
tions, of the air, by the causes now to be described, 
are scarcely less extensive, though less capable of 
being numerically determined ; and as the pro- 

* Murray's " Chemistry,** vol. iv., p. 480. 
t Liebig's "Animal Chemistry,*' pp. 16, 17. 



sons to congregate togethe^ the'tt^ic^sit^ 'fiii' 
attending to these effects becomes continually 'ot 
greater importance. "* 

(279.) Respiration is a never ceasing and mb^ 
extensive source of contamination of the air, aiifl 
the theory of its operation has long engaged the 
attention and divided the opinions of physiologisfei 
The opinion held by some of the most eminent, 1^ 
that inspirafioji is involmitary, being caused by 
the pressure of the air on the lungs ; while ^i^t^ 
ration is the effort of the lungs to discharge nief 
air after it has been changed in its naturd.ia^tf 
become hurtful to them.* The effects produce^ 
by breathing over again a portion of this mephitic 
air, depends upon the constitution of the indi- 
vidual who is exposed to its influence, and upoii 
the amount of the contamination which the air has 
sustained. Considerable differences exist in the 
experiments which have been made upon the 
changes produced by respiration on atmosphe'nC 
air : but this is miavoidable, on account of the 
very different capacity of the lungs of differetit 
individuals, and also in consequence of the mephitii^ 
itself differing in the same individual during the 
various stages of digestion, exertion, or repose, aufl 
according to the nature of the iugesta which' life J 
receives. ' ' . 

■ The contamination of the air is produced nm 
only by respiration but by animal exhaTatiortsV 
which are given off by both the lungs and the ^kiir.' 
That w^hich is produced by respiration is chlefljj 
by ■ the formation of carbonic acid gas, and bj* 
the vapour which is exhaled from the lungs. The 
proportion of both the vapom- and the carhoaic 

" Bliimeabach's " Institates of Physiology," by EUotetiJi 

p. 84. ■'''.; 
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\e^li^,^^^\ji!t^ pf the diflferent experimenters pn 
ie quantity of carbonic acid given pff in respira^ 
tif>XL f His own expeiiraents give a mean of about 
i](^reerand-a-half per cent, as the quantity expired 
I^ .himseli^ and four-and-a-half per cent, when his 
ejjperinjppfc? were made on another person. Sir 
Humphry jOavy's estimate is about four per cent ; 
Menzies, five, per cent, ; Dr. Murray, six per cent ; 
Afiejx and Pepys, eight per cent* ; Dr. Fife, eight- 
aod-a-half per cejit^ ; Goodwin, and also M* Junn, 
tqn per cent. : But Dr. Prout has shown that the 

3uantity varies greatly at different periods of the 
ay^ and th^t the .maximum quantity is given off 
siji^Qi^t , . nppn^ up to which period it gradually 
increases from the be^nning of twilight ; and after 
:90.on.;it. as gradually decreases till evening, and is 
^t : its minimum during the night.f Some recent 
^d extensive experiments have confirmed these 
T<^siilts generally ; but it appears the times of 
liifLXima and minima diepend principally on the 
aetata of digestion and the periods of taking 
fppd.J 

.' The quantity of vapour given off from the 
lungs has also been very variously estimated. Dr. 
IVtenzies calculated it at six ounces ; Mr. Aberne- 
thy, nine ounces ; Sanctorius, eight ounces ; and 
Dr. Hales, twenty ounces in twenty-foiu: hours ; § 
and the average is supposed to be about three 
grains per minute. The amount of vapour given 
off from the skin was found by Thenard to vary 
^pm nine to twenty-six grains per minute. Keil 

♦ " Annals of Philosopliy,* vol. ii., p. 336. 
•' t iWr^, p. 330. 
i " London and Edinburgh Philosophical Magazine," vol. xiv., 
P.-40L 

§ Dr. Paris's "Medical Chemistry," p. 316. 
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found it to amount to tliirty-one minces tn 'twenty^ 
four hours, or ten-aiid-a-lmlf grains j»er mitt««f. 
Seguin asceitained that it vai-ied from oight ttt 
twenty-four grains ptr minute ; and it is generally 
considered that the average quantity is about ten 
grains per minute, which agrees with the exjieri- 
ments of Lavoisier. 

(280.) It is also found that the quantity ofeoxygen 
consumed in respiration varies with the state of 
exertion or repose. Lavoisier found that by a man, 
while engaged in strong muscular exertion, corti- 
pared with the same individual while in a state of 
repose, the consumption of oxygen was as 32 to 14. 
It is also ascertained that the quantity of oxygen 
consumed in respiration exceeds the bulk of cas*- 
bonic acid gas which is expired from the lungs; 
the remainder unites with the hydrogen derived 
from the food, and forms the vapour given off from 
the lungs and skin : and these proportions differ so 
greatly with the nature of the food, that while 
some animals expire a quantity of carbonic add 
equal to that of the oxygen consumed, others do 
not expire more than half as much carbonic acid a^ 
the oxygen consumed would produce.* 

(281.) Notwithstanding these differences of opi- 
nion among physiologists respecting various points 
connected with respiration, there are certain ^nda^ 
mental facts which are agreed upon, that we shall 
find amply sufficient for the illusfration of the subject 
before us. 

(282.) The quantity of air admitted into the 
lungs varies in different individuals, and even in 
the same Individual at different times, being greatly 
influenced, as already stated, by the relative amount 
of exertion or repose. Some experimentalists Iiave 
estimated that as much as 800 cubic inches of air 
enters the lungs per minute ; but it is more gene- 
* Liebig's " Auimal ClieniiBtry." p. 26. 



i^%}ySUpi|)Q^i>to^]^> about 380 cubic inches per 
vam^i^ iia4ec:rordlnary circumstances:* and this 
mr, aft0i^ passing through the lungs, returns charged 
with carbonic acid gas and vapour of water, as 
olready stated. 

:v(283.) Whenever the same portion of air is 
breathed a second time, a great sensation of uneasi- 
ness is experienced. This arises from several 
causes. The quantity of oxygen contained in the 
air, when in its natural state, varies from 20*58 to 
21'12 per cent.;f but it is found impossible to 
separate the whole of this oxygen by respiration, 
on account of the affinity which exists between the 
ga«es; asid, however often the air is breathed, only 
about one-half of this quantity of oxygen can be 
separated from it. If, therefore, the process of 
respiration consumes (in forming the carbonic add 
and the vapour) a quantity of oxygen, varying from 
six to eight per cent., by merely passing the air 
once into the lungs, it is evident that but very 
little can be afterwards abstracted by any further 
ptocess of respiration. J Carbonic acid gas contains 
its own volume of oxygen; therefore, when any 
deficiency of oxygen occurs, the proper quantity 
of carbon cannot be given off from the lungs — a 
process which is absolutely indispensable for the 
preservation of life. 

* Menziea and Goodwyn estimate the quantity of air taken 
mto tie lungs, at each inspiration, at 12 cubic inches ; Jurin, 
at 20; Cuvier, at 16 or 17; Davy, at 15; and Thomson, at 33. 
-^Dr. Kay, " On Asphyxia," p. 123.) The number of inspi- 
ratioQfl in a minute, Haller considers to be about 20 ; Men:- 
zi^, 14; Davy, 26 or 27 ; Dr. Thomson, 19; and Majendie, 15. 
--^Dr. Paris's " Medical Chemistry,'* p. 315.) 
* 'T Dalton;'*^On the Atmosphere: London and Edinburgh 
Philosophical Magazine/ voL xii., p. 402. 
: J See the experiments of Messrs. Allen and Pepy's "Phi- 
losophical Transactions/' 1808; and " Nicholson's Journal," 
vol. xxii., p. 204. 
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(^84.) The phyaologicftlefecta oisji^firaeftcjrtr 
of oxygen are very remarkable. W,heii;the.lungau 
are not sufficiently supplied with oxygen, sangUifiKi 
cation ceases to be perlbnned ; and the artenaln 
blood retaining tiie dark colour of venous bloodio 
circulates in this state through the system. BichaMl 
proved by experiments,* that when venous or darkt- 
coloured blood is injected into the vessels of thai 
brain through the carotid artery, the functions of- 
the brain are immediately disturbed, and in a veryj 
short time cease entirely ; the heart instantly losesii 
its motion, and death speedily follows. Bichat, 
considers the effect of tlie venous blood circulating 
through the brain to be similar to the action of an 
narcotic poison ; and this takes place when the aii! 
is impure, and does not perfectly oxygenate the'f 
blood. When the lungs receive impure air, imper- 
fectly oxygenated blood is circulated through the i 
brain, producing a cessation of the functions of i 
that organ, by which, respiration is immediately! 
affected, and the heart ultimately ceases to act. a 
Su B. Brodie also found by experiments made with.j 
various active poisons^f that when the action of the^ 
brain is impeded by other causes than that producedit 
by the blood, a similar residt obtains : for the instant' \ 
the brain loses its action, respiration stops, the heart-) 
gradually fails of its power of contracting and pro- 
pelling forward the blood, and death speedily: 
ensues. But it has been foiuid that, after the brain 
has ceased to act, if an aitificial respiration of pure.i 
air be produced, and continued for a short time,ji 
the functions of the bram will be restored, and theP 
animal ultimately recovers. 

(285.) The effects so speedily experienced by- 
some persons in close and ill-ventilated rooms, 

• BicliiLt, " Rechercliea Physiologique sur la Vie et la Mt 
f " Pliilosophica] TrHnsactions," 1811 ■ pp. 36 and 178. et 



aehe^Js itsualiy- tlie iii-at selisation of imcaSniess' 

whSohis experienced ; aiulthesucct'edinw symptom^' 

of languor, uneasy rcRinration, fainlncss, and syii-^ 

cope, are all clearly refenible to fhe same c'ause kS 

that wliich produced in Bichat's experiment^ tTfe' 

cessation oi' the vital ftincrions. These ofFect^f 

always result from breathiug air containing an^^ 

C(iiisiderable quantity of carhonic acid f^as. Whett' 

the quantity of this gas I's Very considerable, it! 

produces sucli a painful irritation of the ejMglottiy,'' 

a^ ihimediately causes it to close spasmodically oft'' 

the glottis, and thus prevents the entrance of thef ' 

gas into the lungs; but this also prevents the 

entrance of the atmospheric air, and thus produces'! 

immediate suffocation. ' | 

"(286.) Physiologists are divided in opinion as td. 

th-e precise nature of the action on the human' 

&-£t.me, exerted by carbonic acid gas. Sir Huniphry' 

I>^vy, Dr. Christison, Dr. Bird, and Dr. Pari^j" 

ai;>jjear to consider that it acts as a strong narcotit},^' 

p<3i8()n. Dr. Thomson, and some others, entertain ' 

a <3ifrerent opinion, and think it only acts on thfe' 

ars4mal economy by jireventing the proper quantity' 

of oxygen from entering the lungs, and thence 

pf oducing suffocation. ''^ 

<[287.) The greatest proportion of carbonic acid^ 

gas -which maybe breathed with impunity, has not' t 

h^«nexactly determined, and opinions respecting iff ' ' 

are very various. But it is evident that a giveit' ' 

quantity of tlie gas produced by respiration or com-"" 

httstion will reduce the proportion of oxygen irt"' 

atmospheric air to a much greater extent than th^'^ 

sSBie quantity of carbonic acid gas added by simple 

mechanical mixture. For, in the formation of'^''- 

^ven quantity of carbonic acid gas, either by coiji- 

bustion or respiration, exactly the like volume of 

oxygen is consumed^ — ^carbonic acid gas being a 



con>pound of one volume of gaseous carbon lujiti;^ 
to one volume of oxygen; therefore, by tbesp 
modes of foiining carbonic acid gas, we both reduce 
the quantity of oxygen, and increase tlie quantity 
of carbonic acid ; and it has been estimated th^ 
two per cent, of carbonic acid gas produced I^g 
combustion, deteriorates the air as much as 10 pe^ 
cent, added mechanically by simple mixture.^ 
But in ill-ventilated rooms this is by no means tba 
only cause of the oppression and inconvenienqa 
which are experienced. The vapour given off frqa^ 
the lungs and from the skin forms a veiy important 
source of contamination ; and, being charged, wit\k 
animal effluvia, its effects in contaminating the ^iij 
are very considerable. The baneful effects of th^, 
mephitic exhalations from animal respiration ar^ 
not confined to the human frame. The glanders, 
of horses : the pip, of fowls ; and a peculiar diseas^ 
to which sheep are subject, all aiise from the bad 
air generated by their being too closely crowded 
together ; f and in no case can animals be coiifined 
in a vitiated air for any length of time, withoutu 
serious injury resulting, aJthough the effects maytj 
be shown in various ways. In ordinary casesj tllB,^ 
contamination is insufficient to produce these viole&t 
and fatal effects ; but the slow and insidious effects^ 
of a less deteriorated atmosphere are matters of fiir: 
more importance than most pereons believe; J, and^ 
we have already seen, by the unerring evidence ol*^ 
statistical facts, how fearfully human life is shorteneiL 
by even the smallest conceivable differences ill- 
atmospheric and climatic influences. 

(288.) The quantity of vapour ^ven off from thes 

• The " Lancet," foi- December, 1838. 

t Paris, " Medical ChonuBtry," p. 309. 

J Some most exceUent observations on tbia sul)ject may ba 
found in Dr. Combo's " Principles of Physiology," 4th e<litioii,. 
pp. 23G— 238, and 244— 2i& 
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l:)ody (which, we have already seen, averages about 
112 or 14 grains per minute), is greatly influenced, 
:i:i6t only by the different degrees of muscular exer- 
tion and repose, but also under the ever changing 
liygrometric condition of the atmosphere : for the 
greater the quantity of vapour which the air con- 
strains, the less will the air be able to carry off from 
^he human body. For the air possesses a desiccating 
j>ower on the human body ; but, of course, that 
j)ower is lessened in proportion as it is nearer to 
the point of saturation. 

(289.) The hygrometric condition of the atmo- 
sphere is ascertained by the dew pointJ^ The 
Xower the dew point, the greater will be the quantity 
of moisture carried off from the lungs by the air in 
i^espiration ; and therefore less will be given off by 
perspiration from the skin, than when the dew 
;{>oiht is higher. This is often the case in very cold 
^^veather, when a large quantity of vapour is carried 
off from the lungs, and but little by perspiration. 
When air is respired from the lungs it is nearly of 
the temperature of the blood, which is 98** Fahren- 
lieit ; and it is then charged with a large quantity 
of vapour. If we ascertain the quantity of vapour 
"which the air contains when expired, and deduct 
'vrhat it possessed before it was inhaled, we shall 
leiam the amount given off by the lungs; the 
cjuantity of air breathed per minute being known. 
>Tow, suppose the temperatiure of the air, before it 

* The dew point is that thermometric temperature of the 
atmosphere at which vapour is condensed. By exposing a cold 
loody to the air, a fine dew is deposited on its surface, and, by 
observing the temperature of this cold body, we know the exact 
quantity of vapour contained in the air at that time. Warm air 
contains a larger quantity of vapour than that which is colder; 
for air has the property of talang up water in solution in a 
quantity proportional to its temperature. The Table II., Ap- 
pendix, shows the quantity of vapour that the air contains 
when the dew point is obtained in this mariner. 

T 2 
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is inhaled, to be 40°, and the dewp^ipti ?0°.; as 
330 cubic inches of air is the average quaiiti,^y 
breathed per minute, ,^5 of a grain* of vappur wfifl 
be received into the lungs with the air per minlit^. 
But ivhen the air is again expired, the temperature 
will be 98*, and tlie dew point is always found to 
be 91"; it "ill then contain 3-07 grains of vapour 
in the 330 cubic inches ; so that upwards of two 
and a half grains per minute are given off fi-om the 
lungs under these circumstances. But if the dew 
point of the air. before it is breathed, be 50", which 
is frequently the case in damp or warm weather, 
then a less quantitj' of vapour will be given off in 
the same time. Dr. Daltou states that, in the 
torrid zone, tlie dew point sometimes rises to SO", 
and that even in this country it occasionally reaches 
to 60°, while, in winter, it is sometimes below zero. 
This easily accounts for the variable quantity of 
moisture which is exhaled from the body and lungs 
at different times. 

(290.) The atmosphere, during damp weather, 
when it is frequently nearly in a state of saturation, 
is unable to carry off the ftdl quantity of vapour 
from the body. This causes the oppressive sensa-- 
Hon that is so often experienced under such cir- 
cumstances; and the slightest exertion causes the 
perspiration to condense upon the surface of the 
body, and a degree of heat is experienced mudi 
greater than the simple thermometric temperature 
would occasion. 

(291.) Although the carbonic acid gas given off 
from the Inngs, is rather more than 37 per cent, 
heavier tlian the oxygen which is consumed ; still; 
in consequence of the dilatation of its volume by 
the increased heat, and the greater levity of the 
vapour given off from the lungs, the air is specifi- 
cally lighter at the moment of its expiration than 
^^ • See Tatle II.. Appendix. 




1 its^yjii^m^^ t^l^r ■SOO^qte'iricWs of 'pure 
0^W'ihPWi]!iMi\iTe6( 60% and the dew poiiit 
0^ ;^.;WJW- weigh' 2^ g/aihs; but 800 cubic 

i^nfes bif a^ 95^ c6ntaining elght-^and-a--telf per 
Mnt. of carbonic acid gas,* and 5*6 grains of 
apour, with the dew point 85% will only weigh 

.■f The qnantitj of carbon given off from the lungs being so 
^n^iderable^ we cannot wonder that the subject of its origin has 
een a deeply disputed question. Supposing 26 cubic inches of 
irbbnic acid gas to be given off from the lungs per minute on 
n average, that quantity will contain 3*3 grains of pure carbon, 
rhiohy in 24 hours will amount to 11 ounces. Besides this, if 
le quantity of vapour from perspiration, and pulmonary tran- 
piration be taken at 10 grains per minute for the former, and 
area grains for the latter, they will amount to 42 ounces in 24 
ours, making the vapour and carbon together amount to nearly 
*31l^, besides jQther ex»remeaititiou8 matter £rom the body. 
ome other source, then, besides the food, must exist for obtain- 
ig the matter which supports vitality, and this probably is the 
ir. liebig has shown \Animal Chemistry , p. 287), that a man 
ikeB in with his food, about 13*9 ounces of solid carbon daily; 
nd that the more food he consumes, the greater quantity of 
^jg&n he inspires. It has been ascei'tained by Dr. Prout, that 
vegetable diet diminishes the quantityof carbonic acid gas given 
fl^ and, of course, reduces the quantity of oxygen consumed ; 
ecanse carbonic acid gas contains exactly its own bulk of oxygen, 
nited to the given weight of pure carbon. The accuracy of Dr, 
'rout's experimep.ts has been confirmed by divers, and persons 
Liking use of the diving-belL In all hot climates, also, where 
•otn the rarified state of the air, less oxygen is received at each 
ispiration than in the higher latitudes, the inhabitants feel but 
tUe desire for animal food, and use principally, a vegetable 
let ; 'W^hile, on the contrary, the inhabitants of the Arctic 
3gions use animal food almost exclusively. Dr. Richardson, 
'ho accompanied Capt. Franklin on his voyage of discovery to 
ie Polar seas, says, that himself and the other individuals who 
imposed the expedition, never felt the slightest wish for vege^ 
ible diet, but desired the most stimulating animal food, and in 
yvkch. larger quantities than they had ever before been accus- 
>ined to. In such a climate, in consequence of the coldness 
nd density of the atmosphere, the quantity of oxygen inhaled 
if mneh greater than in wawner regions, and therefore allows 
ke larger quantity of carbon to be carried off, which the dieting 
n animal food produces. These results, therefore, accord with 
)r. Prouf s experiments. 
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232*450 grains ; beinj^ nearly tivo per cent lighter. 
Hence air, when expired from the hings, alvya^^ 
rises upwards, and will flow through ventilators iri 
the ceiling, or the upper part of the walls of a room, 
if such he pro\ided for its escape ; but, otherwisej 
the vapour condenses, and the voliune of the air 
collapses iis it cool^ : it then becomes heavier than 
the substrata of air, and sinks to the lower part of 
the room contammated with impiu-ities. 

(292.) The sensation of uneasiness produced by 
breathing impure air is an indication of the injurious 
effects that result from it, wliich is too often 
neglected. When the air is not sufficiently pure to 
effect the comi)lete decarbonization of the blood, 
we have seen that the result is the circulation of 
venous blood thro\igh the brain ; the respiration 
tlien becomes impeded, and the nervous system 
deranged; the extent of these effects, of course, 
varyuig with the amount of the exciting cause, and 
with the peculiar constitutions of the individuals 
exposed to their influence. Dr. Harwood remarks 
on tliis subject, " The want of wholesome air, how- 
ever, does not manifest itself on the system so un- 
equivocally, or imperatively ; no urgent sensation 
being produced, like that of hunger, and hence the 
greater danger of mistaking its indications. The 
effects of its absence are only slowly and insidiously 
produced ; and thus, too frequently, are overlooked 
until the constitution is generally impaired, and the 
body equally enfeebled."* 

(293.) The diminished pressure of the air in j 
iidiabited rooms, caused by rarefaction, by cliimney- - 
di'aughts, or hy exhaustion of the air by mechanical -i 
means for the purpose of ventilation, has been sup- 
posed hy some physiologists to produce consider- 
able effects on the health of persons exposed to its 

* Hai'woocVs " Curative Influence of thi: Soutliern (Joast nl 
Kugland," iJ. •26-2. 
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iiifflwetfte/' it cannot, indeed, be doubted that a 
diniitiished pressure of any considerable extent 
\V6uM be productive of great inconvenience, and 
ciHise considerable derangement of the animal 
economy. But the diminution of pressure from 
these causes seldom exceeds a quantity equal to 
about T^ of an inch of the common mercurial 
b&,rometer, and generally it does not reach t^^j of an 
inch. The ordinary fluctuations of the barometer 
produced by meteorological causes, amounts to 
upwards of two inches and a half in the altitude 
of the mercurial column ; and this difference is not 
found generally to produce any remarkable effects 
on the animal functions — a difference of pressure 
so very far exceeding anything which can occur in 
consequence of the rarefaction of the air in an ordi- 
dary room, that it cannot be conceived possible that 
this is the cause of the pathological effects which 
are experienced by persons much confined within 
doors. 

The extremely small differences of pressure 
which occur by the rarefaction of the air in inha- 
bited rooms by heat and ventilation, can only be 
detected by experiments with the differential baro- 
meter. But the natural differences of pressure 
which occur in many parts of the world are very 
great. At Mont Louis, in Roussillon of the Pyre- 
nees, one of the highest of the inhabited parts of 
Europe, the mean height of the barometer is only 
24'65 inches,* which is more than five inches below 
the standard mean height in London ; and many 
other places might be named where the pressure of 
the atmosphere is much reduced below our own 
standard. Some physiologists, indeed, have been 
of opinion that the inhabitants of places and dis- 
tricts, of which the height above the level of the 

* Kirwan, " On Temperature," p. 89. 
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,l^.4?fs^.,i«^,,tp cause a.pressiuxe. ^q«dCT«Wyjta«s 
,tpan ours, are subject to peculiar .^ibea^es wising 
,,n"om tliis cause. Even the coiuparativoljr smftll 
,, differences which occur iu the several parts of, oar 
.,0|Wu islaiul, have heen supposed to produce very 
lEfiarketl pathological effects. Dr. Harwood has 
written at large on this subject;* and Drs. Wells, 
Darwin, Beddoes, and CuUen, and also Mr. Mans- 
field, have given sunilar opinions. Fxoni the facts 
they have collected, it appears that the inhabitants 
of high situations, where the atmospheric pressure 
is, of course, reduced, are more liable to pulmonary 
consiunption than tliose residing in low, and even 
in inaishy districts. But whether these effects are 
attributable or not to a diminished atmospheric 
pressure, the small difference which is caused by 
tarefactiou und ventilation, wholly inappreciaWe 
as it is by the ordinary test of the barometer, can 
scarcely be supposed capable of producing any im- 
portant results ; while we possess the most ample 
evidence, that in the viriated atmosphere, and 
altered hygrometric condition of the air, there 
exists abundant cause for the langour and defici- 
ency of vital energy which are so fi-equently expe- 
rienced by persons exposed to their influence. 

(2D4.) Another cause, however, exists, which 
probably exerts far greater influence than that 
arising from altered pressm^e ; a more accurate 
knowledge of which would enable us to account 
for fretiuent apparent anomalies in the sensations 
experienced in buildings which are artificially 
heated. The electric condition of the air, and its 
influence on the nervous system, are subjects 
apparcTitly of the highest importance ; but unfor- 
tunately our knowledge at the present time is so 

Harwnod, "On the Curative Influence of the Southem 
Qotist of Eugknd." 
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•'ifillrtWfeittititt 'this interesting- atttl irtiportatrt branch 
^f'SCience, 'ftntl almoat daily experience of new 
'^discoveries coiiTinces us we have still so much to 
; learn respecting it, that it is difficult at present to 
assign to this agent its due place among the opera.- 
tive causes, which undoubtedly combine to render 
many methods of artificial heat peculiarly preju- 
dicial to the animal economy. 

(295.) Experiments of a very extensive character 
have shown that the electric state of the atmos])here, 
when no peculiar disturbance takes place, is always 
of that kind which is known by the name oi fositive 
or vitreom electricity. The quantity of electricity 
contained in the air appears to be far greater than 
is generally supposed, as the experiments of Mr. 
Crosse, Mr. Sturgeon, and Mr. Weekes, clearly 
show.* The quantity undergoes diurnal varia- 
tions, there being two maxima and two minima in 
twenty-four hours ;f the greatest quantities being 
a few hours after sunrise, and after sunset; and the 
smallest quantities being just before sunrise, and 
again a few hours before sunset — or, as some sup- 
pose, about mid-day and midnight. 

(296.) The experiments which have" been made 
on the electric state of the air of close and ill- 
ventilated rooms, have shown that in these cases 
the electric condition of the air is reversed, and 
that instead of being positively electric, the elec- 
tricity of the air is of that kind which is called 
negative or resinous electricity. This subject has 
generally excited so little attention, that but few 
experiments have been made upon it ; and the 
causes of interference are so numerous, that it re- 
quires much delicacy both in the instruments and 

• Noad'a " Electricity," iip. 89—103. 

t lind, p. 99; Daniell'a " Chowiical Pliilosophy," p. 363; 
Schubler's " Researches : Quarterly Journal of Science," voL ii., 
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ih the manipulation to arrive at satinfectory concln- 
sions.. 'I"he aniilarity of the effects produced on the 
human frame under these circumstances, compared 
with the effects which are frequently experienced 
during the passage of thunder clouds, when the air 
is generally negatively electric, or else in a con- 
stant state of oscillation between the positive and 
negative, also leads to the conclusion, that the 
electric state of the air of close rooms pei-forms a 
very important part in the production of those 
unpleasant effects which are generally experienced 
in such cases. In the natural state of the atmo- 
sphere, the earth is always found to be negatively 
electric with respect to the air (the air itself being 
pMit'wely electric), and of coiu-se all conducting 
bodies in communication with the earth are in a 
similar electric state. But when the air also be- 
comes negatively electric, the earth still retains 
its original condition, and the human body thus 
becomes charged with electricity; the air in this 
condition being unable to carry off the electricity, 
as would be the case with a moderately moist 
atmosphere positively electric. The body in tliis 
case receives a charge of electricity similar to what 
is called the electric bath, produced by placing the 
person on a glass stool, and communicating a 
charge from an electric machine. The effects of 
the electric bath, when it is continued for a con- 
siderable time, are similar to those which result 
from the atmosphere of close rooms — headache 
and nervousness. Drowsiness, which is another 
frequent consequence of close rooms, is produced 
by a different cause, arising from the imperfect 
arterialization of the blood circulating through the 
brain, as we have afready seen (Art. 2S4). What- 
ever therefore increases the positive electricity of 
the air, also relieves to a considerable extent 
ihe impleasant effects of close, ill- ventilated, and 
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higblyrteated rooms. Evaporation of water, and, 
at jcartain periods of the day, vegetation, both tend 
tp. relieve the oppressive eflFects of close rooms; 
atod both are known to produce positive electricity 
ojf the., air-* So greatly does evaporation aflTect the 
electric gondition of the air, that the diurnal varia- 
tion in the -quantity of electricity follows nearly the 
sapie course as the exhalation of moisture, and 
evaporation is considered to be the principal source 
of atmospheric electricity .f But evaporation, by 
adding to the moistvu'e of the air, also renders it 
a good conductor of electricity ; while dry air, on 
the contrary, is an extremely bad conductor ; and 
hence it follows, that evaporation of water in a 
highly-heated and desiccated atmosphere must pro- 
duce salutary eflFects, in relieving the unpleasant 
eflfects experienced in close rooms. It must not, 
however, be understood, that adding moistiu'e to 
the air is at all times desirable. Sometimes the air 
may be deteriorated by any additional moisture, 
and the proper quantity of moisture is a question 
of great importance on health, as the fluids from 
the body cannot be carried oflF if the air be too 
moist ; while, on the other hand, the electric con- 
dition of the body will be distmrbed if the air be 
too dry. 

(297.) The disturbance of the electric condition 
of the air certainly adds another link to the chain 
of causes which produce the unwholesome and 
depressing eflFects of ill-ventilated rooms. Dr. 
FaradayJ' considers that the deterioration of the 
air under these circumstances ^^ depends as much 
or more on matters communicated to the air by the 
living system, as by any direct injury to the air due 

* Thomson, " On Heat and Electricity," pp. 440 and 502. 
t N"oad's " Electricity," pp. 92 and 100. 
X " Report of Select Committee on Ventilation of Houses of 
Pai'liamentj" p. 21. 
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,jj^,93;) Th,ei:e a^,? always suspended in tlie air 
rajTiads ofpariioTes of animal and vegetable matter ; 
init these almost unheeded atoms possess a high 
philosophical importance, however they may gene- 
rally be disregarded. They are the evidences of the 
unceasing changes which the material world is con- 
tinually undergoing — the irrefragable proofs that the 
visible matter of the universe is slowly and almost 
imperceptibly passing through a series of trans- 
mutations, which affect both organic and inorganic 
nature. Many of these particles are easily decom- 
posed by heat, and are then resolved into the various 
gases, either in their elementary or mixed state. 
Hence, many of the methods of producing artificial 
heat are materially affected, as regards their whole- 
someness, by the fact of their being able or not to 
decompose or chemically alter these floating par- 
ticles of matter. To this cause is mainly attributable 
the unpleasant smell produced by several modes of 
warming buildings by highly-heated metallic siu-- 
faces ; and we have already seen that the hygro- 
metric and electiic condition of the air is also altered 
by the same means. All the different descriptions 
of liot-air stoves are more or less hable to these 
objections ; as also the high-pressure system of 
hot water apparatus, and still more the cockle or 
hot-air finnaces. Dr. Nott's stoves, and also the 
Russian and German stoves, are subject to this in- 
convenience ; and asphyxia is frequently produced 
in Russia by the use of these stoves.* The cockle 
or hot-air fijrnace is particularly liable to these 
objections ; for not only mil it act powerfully in 
decomposiiig the floating particles of extraneous 
matter contained in the air, resolving them into 
sulphuretted, phosphuretted, and carburetted hydro- 
gen, with various compounds of nitrogen and carbon, 

• Dr. K»j, " On Asphyxia," p. 344. 
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but it will likewise decompose a iSortibn of 'the 
vapour contained in the air, absorbing tlie oxygi^ 
and hberating the hydrogen. ' "'' 

(300.) These various gases thns exhaled into rtife 
air catniot be breathed without considerable hicon- 
venience. Signer Cardone made some experiments 
on breathing hydrogen gas. He inhaled 30 cubic 
inches, which is about one-ninth part of the total 
quantity of air contained in the lungs ; and the almost 
immediate effects he experienced were an o])pressi\'e 
difficulty of bi-eathing, and painiul constriction at 
the superior orifice of the stomach, followed by- 
abundant perspiration, tremor of the body, heat, 
nausea, and violent headache ; his vision became 
indistinct, and a deep mummr confused his hearing. 
Some of these symptoms lasted a considerable tiine, 
and were with difficulty got rid of.* Sir Humphry 
Davy tried the effect of inhaling carbiu-etted hydro- 
gen. Ho made three inspirations of the gas. *' The 
first ins]jiration produced a sort of numbness and 
loss of feeling in the chest, and about the pectoral 
muscles. After the second inspiration, he lost all 
power of percei\'ing external things, and had no 
distinct sensation, except a terrible oppression on 
the chest. During the third e.xpiration this feehng 
disappeared, and he seemed sinking into annihila- 
tion, and had just power enough to drop the mouth- 
piece from his unclosed lips." The effects of this 
experiment lasted for several hours, producing ex- 
cessive pain, extreme weakness, nausea, loss df 
memory, and deficient sensation.-f Carbonic oxide 
is still more prejudicial in its action on the animal 
system. Sir Humphry Davy, on trying the effects 
of inhaling a small quantity of it, was seized with 

* " Annals of Science," vtA. xxriiL, p. 149. - .'iiui 

■f Davy's " Kesearcliea on Nitrous Oxiile ;" also, Paris, "fti 
Diet," p. 396. 
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^ temporary loss of sensation, succeeded by giddi- 
ness, sickness, and acute pains in different parts of 
his body, and it was some days before he entirely 
recovered : but Mr. Witter, of Dublin, who tried 
to repeat the experiments, was immediately affected 
with apoplexy, and was restored with difficulty.* 

This last-mentioned gas is generated by all stoves 
which are constructed so as to burn with a very slow 
draught ; and Dr. Arnott's stove has been found 
peculiarly liable to produce this deleterious gas, 
which escapes into the room through the ventilator 
in the ash-pit, and is extremely unwholesome in 
small close rooms. The carburetted hydrogen is 
abundantly produced by the gas stoves, in conse- 
quence of a portion of the gas escaping unburned 
from the stove ; and this unburned gas, when com- 
bined with the l^xge quantity of vapour which is 
produced ,by the combustion of carburetted hydro- 
gen, as already described (Art. 264), renders these 
stoves peculiarly unwholesome. All these causes 
of deterioration of the air affect different persons 
in very different degrees ; but wherever the causes 
exist, the result will necessarily be . derangement of 
the animal system, however robust the persons may 
be who are exposed to their influence ; but, of 
course, the sensations will be soonest experienced 
by the delicate and the valetudinarian. 

(301.) It remains to estimate the quantity of air 
which is required to be changed by ventilation, in 
order to preserve the purity of the air when dete- 
riorated by respiration and the exhalations from 
the human body. 

(302.) The quantity of air necessary for respira- 
tion is very much less than is required to absorb 
the vapour given off from the skin and from the 
limgs. The amount of vapour from this cause, we 

* Ure's " Dictionary of Chemistry," art. " Carbonic Oxide." 
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have already seen, is about 12 grans per minute, 
when the individual is not making any particular 
muscular exertions. If the temperature of the 
room be 60°, the air will absorb BS grains of 
vapour per cubic foot ; but the average dew point , 
being about 45°, the air will previously contain 
3-5 griuns ; so that each cubic foot of air vrill be 
able to absorb only 2i grains of vapour. Under 
these circumstances the perspiration from the body 
will saturate 5i cubic feet or air per minute. But, 
in estimating the quantity of air which is to be 
warmed in order to allow of sufficient ventila- 
tion, this amount may be considerably reduced; 
because, as 45° is the average dew point for the 
whole year,* it will be much lower in winter and 
higher in summer, and probably will not exceed 
20° or 25° on an average, during the time that 
artificial heat is required. Every cubic foot of air 
will then absorb an additional quantity of about 
3i to 4 grains of vapour ; and we may therefore 
estimate the quantity of air which is requisite to 
carry off the insensible perspiration, at 3i cubic 
feet, and for the pulmonary supply a quarter of a 
cubic foot per minute, for each individual. 

This calculation is sufficient for estimating the 
quantity of air which in winter is required to be 

* Ttifl is for the neighbourhood of London. It variee of 
course in different places, and is much influenced by the pre- 
vailing winds. An easterly "wind travelling to us fintm the Con- 
tinent of Europe, and acrosH the dry and arid countries of the 
Asiatic Continent, mnat nficeBsarily part with much of ita 
moisture, acquired from the Pacific Ocean, before it reaches vs, 
and therefore it will be to us a dry wind; while, on the con- 
trary a westerly wind is always charged with a large quantity 
of moisture, absorbed during its paasage from the American 
Continent, acroas the Atlantic. Ita passage over this ocean — h 
distance of 3,000 miles— Occupies a period varying from 3 to 
10 days, during which time it is constantly imbibing moisture 
from the ocean. 
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waWa* i?e*l tamm, afe eitplalnea ^Art. i05); But 
f6t';^hy'*piiil6iAse '6^ ventilation a larger 

alfcwatice'sn'bTiid'be niade. As the dew point is 
niuch M^er in ^summer, the air will absorb less 
iribifeturfe from the body, while at the same time, 
the exhalations from the body are considerably 
gi*eater in summer than in winter. For summer 
ventilation, therefore, at least five cubic feet of air 
per minute, for each person, ought to be changed, 
in order to maintain the purity of the room, 

(303.) Other causes of deterioration of the 
quality of the air exist, such as the consumption 
of oxygen, and the elimination of extraneou"S gases 
by the burning of fires, candles, lamps, etc. ; but 
as all gases are capable of absorbing equal quan- 
tities of vapour, it follows that, when air has been 
deteriorated by these causes, so as to be less fit for 
respiration, it is still just as capable of carrying off 
the vapour from the surface of the body as pure 
air ; and therefore no allowance needs be made for 
these causes of vitiation. 

(304.) Some persons have calculated the quan- 
tity of air which is required for ventilation at a 
much greater amount than is here stated. Dr. 
Reid considers that ten feet per minute ought to 
be allowed for each individual ; and in some of his 
experiments, at the House of Commons, he states 
that 30 cubic feet, and sometimes even 60 cubic 
feet, per minute, has been allowed.* Such cases 
of extreme ventilation are by no means necessary ; 
and although in the House of Commons, where 
these experiments were made, a larger propor- 
tionate amount of ventilation is requisite than in 
almost any other case, it is very difficult, if not 
impossible, to avoid the effect of draughts when 
such excessive ventilation is produced. In all 

* " Reports of the British Scientific Association," vol. viL, 
p. 131. 
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ordinary cases also, the expense of providir^ such 
a great amouDt of ventilation would be an iusupe* 
rable objection ; though, in such buildings as th» 
Houses of Parliament, the expense is perfectly 
unimportant, provided the desired object of an 
improved atmosphere be obtained. 

(305.) The important changes in the chemical 
constitution of the atmosphere, which we have 
seen result from respiration, heat, and combustion,' 
imperatively demand a constant change in the air, 
in order to maintain its purity, and to enable it to 
support organic life. It would be difficult to 
describe this fact in more forcible language than 
tliat which formed the concluding lecture, at the 
Ecole de Medicine, by M. Dumas, on " The Che- 
mical Statics of Organized Beings." From this 
most interesting lecture some very short extracts 
can alone be given ; but those who have the 
means of consulting the document at large, will 
derive both pleasure and instruction from its 
perusal.* 

" We have proved, in fact," says M. Dumas, 
"that animals constitute, in a chemical point of 
view, a real apparatus for combustion, by means 
of which burnt carbon incessantly returns to the 
atmosphere under the form of carbonic acid ; in 
which hydrogen, burnt without ceasing, on its part 
continually engenders water ; whence, in fine, free 
azote is incessantly exhaled by respiration, and 
azote in the state of oxide of ammonium by the 
urine. Tiius from the animal kingdom, cona- 
dered collectively, constantly escape carbonic acid, 
water in the state of vapour, azote, and oxide of 
ammonium ; simple substances, and few in number, 
the formation of which is strictly connected with 
the history of the air itself. Have we not, on the 
• Translated in the " London and Edinburgh FtiiloBophicil 
Magazine," vol. xix., p. 338, et seq. 
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other hand^ proved that plants, in their normal 
life, decompose carbonic acid for the purposes of 
fixing its carbon and of disengaging its oxygen ; 
that they decompose water to combine with its 
hydrogen, and to disengage also its oxygen ; that, 
in fine, they sometimes borrow azote directly from 
the air, and sometimes indirectly from the oxide of 
ammonium or from nitric acid, thus working, in 
every case, in a manner the inverse of that which 
is peculiar to animals? If the animal kingdom 
constitutes an immense apparatus for combustion, 
the vegetable kingdom in its turn constitutes an 
immense apparatus for reduction ; in which re- 
duced carbonic acid yields its carbon, reduced 
water its hydrogen, and in which also reduced 
oxide of ammonium and nitric acid yield their 
ammonium or their azote, 

*^ If animals, then, continually produce carbonic 
acid, water, azote, oxide of ammonium — ^plants 
incessantly consume oxide of ammonium, azote, 
water, carbonic acid. What the one class of 
beings gives to the air, the others take back from 
it ; so that, to take these facts at the loftiest point 
of view of terrestrial physics, we must say that as 
to their truly organic elements, plants and animals 
spring from air — are nothing but condensed air." 

These views have been beautifully investigated 
and explained in the lecture of M. Dumas, here 
alluded to, and also by M. Liebig, in his excellent 
works on animal and vegetable chemistry. The 
eflFects of animal respiration we have already ex- 
amined at some lengtn. The respiration of plants 
is a subject of much interest to the horticulturalist, 
although several points connected with it are still 
undecided, and remain matters of dispute even 
JEimong men of the first rank in science. 

(306.) The effects of a factitious atmosphere are 
less injurious to vegetable than to animal life. 

u2 
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Vegetables appear to have a power of actOlHriKKiai 
ting their functions, in some degp-ee, to the nature 
of the gaseous elements by which they are SoN 
rounded. That solar hght has a powerful eflfect on j 
vegetables has long been acknowledged; and under -5 
this influence they exhale large portions of oxygen mi 
and moisture. Dr. Daubeny has ascertained that .;#^ 
the same action is produced in the absorption of^^i 
moisture by the roots, and the exhalation of it br^jM 
the leaves of plants, whether they are exposed to a^| 
strong light, or with a smaller degree of light the fr^wM 
receive a considerable portion of radiant heat."^^ 
So powerful, indeed, is the action of light, that M-Md. 
Condolle has found that plants, during the day^— ^^ 
and when exposed to the light, are wholly uninjurec 
by the action of gases which quickly destroy then 
at night; and even the application of chlorine an^ 
other deleterious substances to the roots of planfera I 
is innocuous during the day, though they are pr^ 1 
sently destroyed by similar treatment at nighf. 
Sulphuretted hydrogen, nitrous acid gas, muriatic 
acid gas, and chlorine, were severally tried in this 
manner, with similar results in each case.f 

It has been generally supposed that plants 
exhale carbonic acid gas during the night ; but this, 
by Dr. Dalton's experiaients, appears doubtful : for 
he states that, by numerous analyses of the air of 
hothouses, he has always found it to contain during 
the day, as well as during the night, the same jw**- 
portions of carbonic acid gas. J 

The action of fruits on the air has been stated by 
M. Berard in his Essay, which received the prize i 

• " Repoita of the British Sdentific Association," toL'^.J 

p. 73. /I 

t " London and Edinburgh PhUosophical Magazine," vol. ivl 

p. 316. 

X " Reports of tLc British ScicntiSc Associiitiun," 

p. 58. 
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^BNi8^,^be>yr«noh Academy of Sciences, to produce 
s^rPQ^tant elimination of carbon, under all circum- 
stftBces.^ This opinion has been controverted, and, 
a8> it is supposed, successfully by M, de Saussure, 
^'who states that green fruit has the same influence 
on the air as the leaves have — the action of the 
former being- rather less intense ; but, in proportion 
»s the fruit ripens, its power to decompose carbonic 
«cid gas becomes feebler.f 

Although it would appear that the purity of the 
mr is not of so much importance to vegetation as 
it is to the animal economy, still, as many of the 
gases which are innocuous to plants during the day 
axe deleterious to them in the night, it is necessary 
to. prevent any considerable deterioration of the 
air, in order to preserve them in a healthy state. 
Hence it becomes an important matter, when it is 
an object to obtain fruits and flowers of the finest 
descriptions, to employ only such means of pro- 
ducing artificial heat as do not eliminate extraneous 
gases to the air ; and experience has proved that, 
since the general introduction of the plan of heating 
buildings by hot water, horticulturists have found 
their plants to be more healthy and productive, 
than with the old methods of warming buildings. 

The general principles of physiology, which 
have here been discussed, will enable a correct 
opinion to be drawn as to the effects on organic 
life of any method of producing artificial heat It 
is not to any particular invention that these remarks 
apply — they equally affect all ; and when any new 
plans for heating buildings are brought under the 
public notice, it will be well for those who value 
their health to test the merits of these inventions 
by the general principles which have here been 

* " Annales de Chimie," vol. xvi., p. 152; and "Quarterly 
Journal of Science," vol. xi., p. 395. 

f " Quaiiierly Journal of Science," vol. xiii., p. 152. 



294 GENERAL REMARKS. 

explained. That a vast amount of ill health, and 
great consequent physical suffering, is produced 
solely by ignorantly using noxious modes of arti- 
ficial warming, is certain ; and it is really lamentable 
sometimes to see persons slowly and surely under- 
mining their health by persisting in the use of some 
of these modem inventions, and thus sacrificing the 
greatest blessing which Heaven bestows on man, 
by wilftd ignorance of, and even setting at defiance, 
those laws which bind man to the whole physical 
imiverse, and of which not even the smallest can 
be violated with impunity. 
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CHAPTER IV. 

ON THE VARIOUS METHODS OF PRODUCING 

VENTILATION, 

Spontaneous and Mechanical Methods of Ventilation — Cause of 
Motion in Spontaneous Ventilation — ^Velocity of Discharge 
— Effects of unequal height of Discharge Pipes — Defects in 
Ventilation of Churches — ^Proportions of Induction and 
Abduction Tubes — Quantity of Air discharged throughVen- 
tilators — ^Ventilation by Heat and by Chimney Draughts — 
Mechanical Ventilation by Fans, Bellows, and Pumps — 
Quantity of Air discharged by these means — Calculation of 
Power expended. 

(307.) The different modes of producing venti- 
lation may all be classed under two general heads 
— the natural and the mechanical. All the methods 
of spontaneous eflFusion, produced by the unequal 
density of two columns of air, whether caused by 
chimney draughts or otherwise, belong to the 
former class, while the various methods of venti- 
lating by fans, bellows, pumps, and other similar 
contrivances, belong to the latter class. Of these 
different modes, the mechanical is the most effec- 
tive ; the natural generally, but not always, the 
most economical. 

(308.) The primary force which produces motion 
in spontaneous ventilation, is the difference of 
specific gravity of the two columns of air. If a 
column of air contained in a tube or chimney be 
heated, it expands according to an ascertained law. 
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applicable to all gaseous bodies; uamejy, that: ithe 
expansion is equal to ttd of its volume for each 
degree of Fahrenheit that the temperature is raised 
from 32" to 212°. If this column of air be 10 feet 
high, and have its temperature raised 20°, then it 
will expand A"?, or ti of its bulk ; so that its specific 
gravity would be diminished, and it would require 
a column of air 10 feet 5 inches high to balance a 
column of the external air 10 feet high, when the 
temperature of the latter is 20° lower than that of 
the former. But as the height of the heated column 
is limited by the height of the tube or chimney, 
which we suppose to be only 10 feet high, the 
colder column presses it upwards with a force 
proportionate to this difference iu weight, and with 
a velocity equal to that acquired by a body failing 
through a space equal to the difference in height 
that two columns of equal weight would occupy, 
which in this case is five inches. Now the law of 
gravitation is this : — that the velocity of descent is 
relatively as the square root of the distance through 
which the body falls ; and as a body falls IGtt feet 
in a second (or 16 feet neglecting the fraction), 
the velocity will be, agreeable to the well known 
law of gravitation, equal to eight times the square ^^*t 
root of the height of descent, in decimals of a foot ; ^ • ■ 
or 2 ^J g.h; where g is the distance through m:^^ 
which a faUing body descends in one second of^**' 
time, namely, 1G'09 feet, and h the height of the 
descent.* 

In the case we have supposed, five inches is the 
height of the effective descent of the heavy column 
of air. This fall of five inches is equal to '416 
of a foot ; therefore, by the rule, 2 V 16-09 x ^Ifr 
^ 5-174 feet per second, or 310 feet per mtnut«„ 
will be the velocity with which the heated column 
* Soe ChiiiJter V., Ptirt II. 
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rf iair would be forced through the tube or chimney 
under the circumstances we have supposed. If, 
therefore, the tube were one foot square, there 
would pass out 310 cubic feet of air per minute. 
This rate of efflux, however, is subject to certain 
corrections, on account of the contaminations which 
increase the specific gravity of the escaping air, and 
also in consequence of friction, arising from various 
causes, but more particularly in consequence of 
angular deviations in the tubes. In straight tubes 
the friction is found to be in all cases directly as 
the length of the tube, and inversely as the diame- 
teri In general practice a deduction of from one- 
fourth to one-third of the initial velocity is necessary 
to compensate for these several effects, and to 
represent the true rate of efflux. The velocity of 
discharge per second through ventilating tubes, or 
chimneys, will therefore be found (after the differ- 
ence in height of the two columns of air has been 
calculated in the mannef already stated) to be equal 
to eight times th€ square root of the difference in 
height of the two columns of air in decimals of afoot: 
this number reduced one-fourth, to allow for friction, 
and the remainder multiplied by 60, will give the 
true velocity of efflux "per minute ; and the area of 
the tube in feet, or decimals of a foot, multiplied 
by this latter number, will give the number of cubic 
feet of air discharged per minute, 

(309,) In calculating the rate of efflux of the 
air from any room or building, it is not merely the 
height of the room which must be considered, but 
the total height of the column of heated air. Thus, 
if the ventilating tube passes through another room 
or loft over the room to be ventilated, before it 
dischai^es the vitiated air into the atmosphere, the 
total vertical height from the floor of the room to 
the top of the tube is the effective height of the 
column of heated air. If the tube in its course 
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passes horizontaUy, the additional lengtlunay 
neglected in the calculation tn all ordinary cases^ 
as it makes no other diiference in the result except 
that of increasing the friction by so much additional 
length. The vertical height is that which alone -s 
governs the rate of the discharge, and the horizontal 
length of the tube is merely one of the fortuitous - 
circumstances which sbghtly modify the resulL* 

(310.) As the vertical height of the column of~ 
heated air governs the velocity of discharge in the 
ratio of the square root of the height of the column, 
it is necessary, if more than one ventilating tube or 
opening for the escape of the heated and ii-itiated 
air be made, that they shall all be eimilar in height; 
otherwise the highest vent will pre\-ent the efficient 
acting of the lower one, and the discharge may even 
be less through the two tubes than it would be with 
the upper one alone. The cause Of this apparently 
paradoxical effect is not difficult of explanation. 
If we suppose a tube, open at both ends, to be 
filled with heated air, it is evident the velocity of 
the ascent will be proportional to the height of the 
tube and the excess of temperature of the air which 
it contains, the weight of the external air pressing 
the lighter column upwards, as already explained. 
But if another opening be made at the side of the 
tube, at one-half the total height, then this opening 
at the side will not emit any portion of the heated 
wr, but will, on the contrary, admit a quantity of 
cold air ; and the velocity of its admission will be, 
like that of the cold air at the bottom of the tube, 
in proportion to the height of the heated column 
of air in the tube above the opening. Now, as the 
column of air above this opening is only one-half 

• This remark must be taken with its proper limitation, for 
oMcs may arise where the friction, caused by the horizontal 
tube, may Iwoonie a very important element in reducing the 
velocity of tlie discharge. 
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the height of that above the former opening at the 
bottom of the tube, the velocity with which the air 
enters it will be, compared to the velocity with 
which it enters the opening at the bottom, as the 
square root of the height of the heated column of 
ah above the respective openings. Both these 
openings will therefore admit cold air at the same 
time ; but, by the admission of the cold air at the 
middle of the tube, the temperature of the superin- 
cimibent atmosjihere above the lower opening will 
be reduced, and the velocity with which the air 
enters the lower opening will therefore be dimi- 
nished ; the excess of temperature of the air in the 
tube being the primum mobile of the efflux. The 
interference of the different currents will likewise 
reduce the quantity of air discharged ; and the 
total result will be that somewhat less air would be 
discharged under these circumstances, than if the 
whole of the air had entered at the bottom. 

(311.) Precisely the same effects as here described 
take place in the ventilating of rooms by openings 
at any height above the level of the floor. The 
highest opening alone mil act as the abduction 
tube, and all openings below this will act as induc- 
tion tubes, reducing the discharge by lowering the 
temperature of the air in the upper part of tbe 
room, and also by causing in it counter currents. 
Some modifications of this result will, however, 
occasionally occur, as, for instance, when the 
abduction tube is too small ; in which case, the 
next lowest opening will also act in carrying ofi" 
the heated air. On the other hand, when the 
openings for the admission of cold air are too small 
in proportion to those for the egi-ess of the hot air, 
then the current of cold air will descend through 
part of the hot-air tube, and the hot air will ascend 
through the other part of the same tube. 

These effects are frequently very sensibly felt in 
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oP ia ifaige* total' ^area, the velocity of the entering 
current is reduced, and unpleasant draughts are 
arrbided; It is also expedient to divide the enter- 
ing current as much as possible ; for by so doing it 
prevents the dangerous effects of cold draughts^ 
when the entering current is colder than the air of 
the room ; and when it is hotter than the air of the 
room, it prevents the air from rising too rapidly 
towards the ceiling, and therefore distributes it more 
equally throughout the apartment. Provided the 
aggregate openings for the admission of cold air be 
not less than those for the emission of the heated 
air, the quantity of air which enters a room depends 
less upon the size or number of the openings which 
admit the fresh air, than upon the size of those by 
which the vitiated air is carried oflF. This will be 
evident when it is considered that, the room being 
always absolutely fiill of air, no more air can enter 
until a portion of that already in the room be 
removed. But as soon as a portion of the air which 
previously occupied the room is removed, a similar 
quantity of fresh air rushes in to supply its place ; 
the quantity entering being exactly equal to that 
which escapes.* The only exception which occurs 
to this rule, is the slow interchange among the 
particles of air, which takes place according to the 
laws of gaseous diffusion, through the lower as well 
as the upper openings of the room ; and which 
continues so long as any inequality exists either in 
the specific gravity or in the composition of the 
gaseous matter. 

■■■■ (313.) The following Table will show the dis- 
charge per minute through a ventilator one foot 

* This description, perhaps, scarcely gives the exact circum- 
stances of the case; for in spontaneous ventilation a small 
portion of the cold air will enter before any discharge takes 
plac6 from the room ; for it is the compression produced by the 
firesh air entering which causes the heated air to flow out. 
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square, for various heights and differences of tem- 
perature, — the allowance ■which has already been 

stated (Art. 30S) having here been made. The 
discharge through a %-entilator of any other size 
may ea«ly be calculated ; because, as the area is 
here 144 square inches, we have only to multiply 
the number of feet found by the Table, by the 
namber of square inches in the area of the proposed 
ventilator, and then, by dividing that number by 
144, the quotient will be the quantity sought, which 
will represent the number of cubic feet of air that 
will be discharged per minute by the proposed 
ventilator. 

Table XXVIIL 

Table of the Quantity of Air, in Cubic Feet, dischatged perr^ 
Minute, through a Ventilator of Hhich the Area is 
Square Foot. 
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(1 *^" The above Table ahowa the discbarge throQgh a ventt^**^ 
lator of any height, and for any difference of temperatura''**^^ , 
Tbiie, suppoae the height of tlie ventilator, from the floor of lh*t ^ , 
room to tlio extreme point of discharge to be 30 feet, and th^**** , 
diflerence between the temperature of the room and of "*■*-*" ^^—^,1 
extcimal air to be 15°, then the discharge through a Tentilato**^^ ' 
ono foot iqviare will be 347 cubic feet per rnimUe. If "i^^'^l 
height bo 40 feet, and the difierence of temperature 20°, the:^-**"™ 
the diocliargo will bo 465 cubic feet per minute. 
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. (314.) As the discharge through any given height 
and si« of ventilator is less in proportion as the 
difference between the external and internal tem- 
perature is smaller, it follows that it will be most 
difficult to obtain ventilation in hot weather. In 
summer, either the number or the dimensions of 
the ventilators should be increased; otherwise a 
room which is well ventilated in winter will be 
extremely uncomfortable in summer. The increase 
in size can be effected by having moveable venti- 
lators, which can be contracted at pleasure ; and 
the actual size of the trunk or channel which 
conveys the air away should be sufficiently large to 
carry off the largest quantity of air required for 
summer ventilation. 

(315.) The method of spontaneous ventilation 
which has been described, requires, in every case, 
that the air of the room to be ventilated shall be of 
a higher temperature than the external air. In 
very hot weather, and with crowded assemblies, 
this method is generally insufficient to secure a 
wholesome and comfortable state of the atmosphere. 
But artificial means have long been in use for 
increasing this effect. This is accomplished in two 
ways ; — either by heating the air in the upper part 
of the ventilating tube, which causes it to ascend 
vdth greater rapidity, and thereby to draw it out of 
the room or building ; or by causing the air of the 
building to pass through a furnace, from which all 
other supply of air is excluded. Both these plans 
have been extensively used, and both answer the 
intended nurpose. The principal theatres in London 
are veirtiiat6d ty' the former method, advantage 
being taken of the heat of a large chandelier placed 
near the ceiling in the centre of the house. The 
heat of this chandelier causes a great rarefaction of 
the air and increases the draught; and it thence 
passes out through tubes into the open atmosphere. 
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below. The mrtliod iif veirtilji'ting"by cauiim^'the' 
vitiated air to pass through a fiimacc nas also been 
long and extcnsiwly employed.* In many manTi- 
fuetories, this method is economically applied, whert? 
fire-heat is usud either for steam-engines or other 
purposes. All thai is necessary is to conduct the 
air from the rooms requiritig ventilation, through 
tubes, hito the ash-pit of the furnace, all other 
supply of air to the ash-pit being prevented ; and 
the draught of the fire causes a rapid abstraction 
of air irom the building, which is immediately 
supplied by fresli air, and produces a thorough 
ventilation. 

(316.) ITie most extensive application yet made 
of this principle has been by Dr. Reid, for the venti- 
lation of the temporary Houses of Parliament. For 
this purpose a large chimney was erected with a 
furnace of proportionate size, and the air was 
drawn off from the ceilings of the buiUlings with 
great rapidity, passing through a tunnel into the 
bottom of the fiimacc, and thence througli the fire. 
The quantity of air thus withdrawn is governed by 
the force of the fire. In this case it is very grtat, 
for by means of this furnace the whole air in thfe 
House of Commons could be changed in a vety:' 
few minutes. , "' 

(317.) The ventilation of the old House of Coin!- ' 
mons was, for many years, a subject of complainll,' 
and it engaged the attention of many practical ami 
scientific nien. The apparatus which was ejected ' 

• In 1739, JUTr.. Suttoa proposed this plan of veutiJa.tion j 
but Dr. Deaa^uiiers, iii 1723, appears to h.-ive ailopted & j^aa' 
aomevh&t aiuiilar for voiitilating the House of ComnioD^ 
(Deaagnlier'a " Ex|>eriment«l Philosophy," vol. ij., p. fi60); 
thoi^h in reality the invention of applying fire-hfat to pEodnc«. 
a draught of air was long I'lior to either of tliese d^tea, and jm. 
first proposed by AOTLcola, in the sixteenth century. ' fSeo 

ChLpieriir.) ' ^■"' ^"■•"-■•■' ' '• ■o.iilKuliam 
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fo^ftljiis |uirppse» in the temporary House of Conir 
mprv^, appears^ however, to be a most expensive and 
cumbfoufi contrivance for accomplishing an object 
obtainable by far easier means. The thorough 
ventilation of such a building as this can only be 
procured Ijy two methods — draught by heat, or 
mechanical ventilation by a fan : but the latter of 
these methods possesses so many advantages over 
the former, that it appears surprising it should, for 
so many years, have been neglected ; and that, of 
all the numerous plans which have been tried for 
ventilating the late House of Commons, the draught 
by heat, though applied in various ways, has been 
the principle of them all. Dr. Ure has written a 
useful memoir on the subject of ventilation, in 
which he compares the advantages of these two 
methods ; and he estimates the relative cost of \ en- 
tilating by a fen, compared with that by chimney 
draught, as about 1 to 38. In his calculations on 
this subject, however, he has apparently been led 
into an error. His experiments on the consump- 
tion of fuel, to produce a given effect by chimney 
draught, were all made on furnaces used either for 
steam boilers, or for brewers' coppers. But, as it 
could only be the residual heat of the furnace 
which became available in his experiments, after 
the principal part of the heat given off by the coal 
had been absorbed by the boiler, it is certain that 
any calculation, founded on the effect produced in 
this manner, must be considerably below the truth. 
But although the relative cost of fuel will not be 
so greatly different as Dr. Ure supposes, under 
any circumstances the difference between the two 
methods must be very considerable. 

(318.) The efficiency of the mechanical method 
of ventilation by a fan, turned by machinery, has 
been proved so extensively in some of the largest 
manufactories in the kingdom, that it appears sin- 

X 



gwlar Dr. Reicl, should huve adopted so cmnhrpus 
aiid expensive a contrivance as that which, Tie 
erected at the temporary House of Commons* 
The new House of Lords is most perfectly venti-r 
latcd by a large fan which supphes any require^! 
amount of fresh air that can be required ; and the 
whole of the arrangements for warming and veiiti-! 
lating this building, appear to have been most suc- 
cessfully carried out under the direction of Mr. 
Meeson, and they seem to accomplish all that can 
possibly be desired ui such a building. 

(319.) The Marquis de Chabannes, about the 
year 181G, extensively applied the other mode 
of ventilation which has been alluded to, by art!-, 
ficially heating the air by means of stoves after iti 
has passed through the ceiling, and by which, 
means the draught is greatly increased. This plai^ 
was applied to several very large buildings, audi 
among others, to the old Houses of Parliainent. 
It has been fidly described by the Marquis, in a 
pamphlet published by him; but it appears now 
entirely to have fallen into disuse : and although, 
perhaps, on a very small scale, it might occasionally 
be beneficially employed, it is neither economical 
nor particularly etiicient for large buildings. 
. (320.) The mechanical method of ventilation Bpr 
pears to possess many advantages. It is of course 
only suitable for extensive buildijigs, on account of 
the cost of erection and maintenance of the appar 
ratus being too great in any case, except where a 
large quantity of air is refiuJred to be withdrawn. 
The usual plan is either to employ a rotary fan to 
draw out and discharge the air, or a pump or 
bellows, which answers the same purpose. A rptai^r 
fan was used as long ago as the year 1734, byiDr^ 
Desaguliers, for ventUatiug hospitals, prisons, axf^ 
other buildings ;* though the plan he recomnieude^ 

• "Hiiliimpliifal Ti-aiisactions." 1735, vol xsxix., p. 41, 
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apjJefard'to have beert but little used for that pur- 
pbse.' In fact, although the principle was good, it 
failed in consequence of the trouble attending its 
tfe'e. About the year 1741, Dr. Hales introduced 
iiis method of ventilating by bellows ; and it was 
applied in many cases with great success. Several 
of the prisons, hospitals, and other buildings of the 
metropolis, as well as nearly all the ships in the 
navy, were successfully ventilated by this appa- 
ratus, which was extremely simple in its con- 
struction and operation.* It consisted of a large 
box with valves opening inwards, and other valves 
opening outwards, which alternately admitted and 
discharged the air, when an internal diaphragm 
fixed by leather hinges to the centre of the box, 
was moved up and down by a handle passing 
through the upper part of the box. One defect, 
however, was common both to this apparatus and 
that of Dr. Desaguliers; they were both made 
dependent for their operation on manual labour, 
and therefore their use was limited both in duration 
and extent. For however efficacious the operation 
might be, the trouble attending it, when the whole 
effect was produced by manual exertion, rendered 
it inconvenient, expensive, and uncertain. The 
extensive introduction of machinery throughout 
every department of manufactures has again, after 
a lapse of many years, brought into use both these 
methods of ventilating buildings. The ventilating 
fan of Dr. Desaguliers, with some improvements 
suggested by modern discoveries and experiments, 
is now extensively used in the manufacturing di?- 
tricts of England; the fan being turned by the 
steam power employed in the manufactories. The 
bellows of Dr. Hales, slightly altered in their form, 
have also again been recently brought into use. 
The late Mr. Oldham, the engineer to the Bank of 

' * Dr. Halas, '^ On Ventilators." London, 1748. 

x2 
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Enf^asid, applied' this principle ofiverUJiittiottxtO'a 
part of that estabhshment 'with complete; success. 
This apjiaratus differs, however, shghtly froraithBlti"tj™sitl 
of Dr. Hales, particularly in being fitted withi li** > 'fa 
piston instead of a moveable diaphragm, wliiciiKf^s::^ 
^ves it more of the character of a pump, tlioughr^fj^li 
the diiference in its construction is very inconsi— i^si' 
derable. In this case also the motive power nssm:- '* 
steam; the powerful machinery confiantly in u9e>^-3< 
at the Bank, being em])loyed to ■nork the piunpy «ti| 
which ventilates the building. Both these metlioda t>'di 
of ventilating, when thus apphed, are unerring ir«" ■> "' 
their operation, and appear to accomplish all (har-ri lal 
is necessary or desirable on this important subject:* nji^ 
For the quantity of air dischai^cd can, by Ijnthtf^:^*^ 
methods, be either increased or diminished at plca-*:*-W| 
sure, by the mere shifting of the band which driveB ■•^^^m 
the pulley. i i » ~*--','f\ 

(321.) By these methods of ventilation, the rare ^E3k» 
faction' or diminished pressure of the air can b^ -o M 
effectually prevented, in the method adopted a - ^ ' B 
the Bank of England, instead of the vitiated ai^^r*" M 
being drawn from the building by the apparatus-, H 
the operation consists in forcing in fresh air, whiclt, H 
in cold weather, is warmed by passing through M^ 
a steam chamber ; and the vitiated air escapes from ■! 
the room in consequence of its greater levity — the I ■ 
quantity which escapes being equal to that which is K j 
forced in by the pump. By this means no dimiiiu- HI 
tion of pressure can arise ; but from what has ^| 
already been stated (Art. 293), it may be questioned H 
whether the small diminution of pressure which ^| 
occurs under ordinary circumstances is a matter of H 
any importance. ^M 

(322.) The fans that were used by Dr. Desaguliers H 
Were seven feet in diameter, and one foot wide. ^| 
They revolved in a concentric case, close in evory ^| 
part, except an opening at the centre, which com- ^ 
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nunicated bya pipe >i/d|bh(<ih^ robni tdbe veititibttedi 
and • aiiotber \ pipe elt • the^ - circumference; by which 
tkdffout'nair that was drawn in at the centre w^fi 
thrbwn out with considerable force by the rotating 
iteves of the fen. This construction^ however, has 
been found objectionable. Considerable los& of 
power accrues from employing a fan moying con-* 
centric with the case, on account of a large quanr* 
tity of air being carried round by the leaves erf the 
fan, instead of passing out through the discharge 
pipe at the circumference. The most advantageous 
form is, when the case is eccentric to the revolving 
leaves of the fan, the discharge pipe being placed 
at that part of the circumference of the case where 
the eccentricity is the greatest; the air being 
admitted at the centre in the same manner as 
before stated. In this form there is comparatively 
little loss of power ; but owing to the inertia of this 
air, some loss must always occur between the cal- 
culated and the actual discharge ; the difBerenci3 
being always greater in proportion to the greater 
speed with which the fan revolves.* 

(323.) The mode of calculating the quantity of 
air discharged by any mechanical method, as also 
the power ^expended in discharging it, is necessary 
to be known, in order to apportion an apparatus (rf 
a proper size to any particular building. Both 
these subjects have been investigated by Dr. Ure,^ 
who has made various experiments connected with 
this branch of inquiry. The mean velocity of thie 

■'.■■■ • - ' ■ ; ' 

i I ■.■.•..■■■■■; . ■ ^■ 

j * iTlie fe,u whiict yentilates the present House of Lords is 
\0 feet in cliameter, and the air is thrown into the regtdating 
ikambef frbm the cirictimferenee of the vanes of the fan as it 
revolves, without any exterior casing on the ciroiimfbrence of 
ti^ft;fap5i. The effect of this arrangement i^ to throw aii im- 
in^nse vplume of air into the chamber under very slight 
pressure. , 

' 'f ^* Philosophical Transactions," 1836. 
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ii-iieftocitjyiiwm'it at aH^tapprbnfth'tbeijiiiJTfortnmiGe'of 
■ the fan in dischar^Uff air irom buildings,' Byltthe 
■fan almost any velocity of tlie discharged 'current 
, ' may lie obtained ; but by the ArchiAiedean screw 
' the velocity of the discharged air must be compara- 
tively ianall. The friction between the ah- and the 
threads or spirals of the revolving screw must be 
the power which produces tlie discharge ; bnt so 
soon as the pressure or condensation of the "air 
! between tlie spirals equals the fiictioii CMsting 
lj;betwGen the air and the surface of the spirals, anj^ 
ilthirther increase in the amount of the discharge 
lr;deases; and the screw might revolve with any^ 
I increased velocity without increasing the quantity 
of air dischai-^d, and a loss of power in turning 
' the screw would tlien necessarily occur. The plai^ 
■ ' itherefore, appears to be only suitable for discharge 
• ' it^j comparatively small quantities of air, and at - 
-.:inoderate velocity. 

•ih {325.) Considering the great importance of vent 
-Illation, it is nlueh to be regretted that so little atter 
.Ution has generally been devoted to the subject l» 
-liseientific men. The treatises which have bee; 
1j. written upon it are extremely few, and those gen^^— 
Fiirally but too indefinite and inconclusive. In tt*. 
•f^yfear 1835, a Committee of the House of Commoi:» 
I'fSfas appointed to report upon the best plan d 
("ventiitating the Houses of Pai-liament; but tti- 
" various scientific men ivho were then exanun*?< 
^Tvcre unable, to point out any public building <s>f 
f iwhicli the ventilation was at all deserving of tl"*-* 
V (considei^tion of the committee, as a model f<or 
^-jadoptioQ, In fact, it is not merely the method, t>>-^' 
[i(the,3mount of ventilation which is desirable, tht£*-t 
I '.appeal's to have been hitherto unascertained. WIi^^^ 
Sir Hum])hry Davy ventilated the House of Lor<J^ 
in Ib'll, he used a pipe only one foot diameter "fc** 
convey away the foiil air. In 1SI3, this was i«^" 
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toarea9»dTt(htfa(redfeiMrdrafD|ci€tt da alteration lYiiich 

o(tf]!o8lredR9rfi^IibhiieiHthe''i^W^ to ^cape; 

:>rtbii£ievto;^tkiiirjwas'>fbulid quite insuffidant for the 

WfiiEpoaeibjiAiidil^e/tvaxious experime^^ of Watt^ 

^fifiqnodBordyLiUinnjr, (€h)adbraimes>!and' oHiets, in veoiiti- 

ddbil&a^ ^(taridias^' public^ buildings^ prove that their 

'^tiaotitodsi Mrereinadcquate for tiid purpose^ notwith- 

v^stftndipgiheir.plans mi^t be considered as improve- 

/ionentte tipon preccidnig airangements. The subject 

i>fof ventilatiQii hasMiow, however, attracted more of 

V ipul^ attention ; and we may therefore hope that 

^ -ihis important means of improving the pubHc health 

v fwill henceforth be more fiiUy considered ; and that 

" 4he time may come when architects will consider it 

-: as; great a defect to neglect providing the means for 

- the admission- and discharge of the air required for 
:v ventilation, as they would to omit the doors and 

- windows of the buildings they are called upon to 
design and erect. The vast importance of ventila- 

■ ition was most forcibly demonstrated by the evidence 
taken before the Committee of the House of Com- 
mons on the Health of Towns, in the year 1840. 
Scrofulous diseases are stated by the medical wit- 
nesses to be the result of bad ventilation ; and that 
in the case of silk weavers, who pass their lives in 
a more close and confined air than almost any other 
class of persons, their children are peculiarly subject 
: ■■ to scrofula and softening of the bones.* Most of 
^ the witnesses state that a deterioration of the race 
^ undoubtedly occurs among those classes most ex- 
posed to defective ventilation ; and they consider 
' that: bad air deadens both the mental and bodily 
^ energies.f The statement of some of the diseases 
i : produced by bad air is absolutely sickening ; and 
-- presents the consequences of violating the physical 

, * "Report ou the Health of Towns," pp. 18 and 201. 
' f /JH pp. 54 aud 201. 
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laws^ in a point of view, which will scarcely find a 
paralleL* These are undoubtedly extreme cases ; 
out although the ordinary eflFects of defective ven- 
tilation are less marked, it is certain that no viola- 
tion of the physical and organic laws, however 
slight, can possibly be allowed, without the conse- 
quences becoming apparent in the deteriorated 
health of those who violate them ; and it will be 
well when this fact is as universally acted upon, as 
it is generally assented to. 

* " Rfiport on the Health of Towns, Mr. Walker a Evi- 
dence," p. 211, e< seq. 
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• CHAPTER V. 

ON THE THEORY OF GASEOUS EFFLUX.* 

(326.) In the preceding chapter the theoretical 
determination of the flowing of air and other gases 
through apertures has been given, and its utility 
in calculating the proper size of ventilators pointed 
out : it will here be desirable to show the grounds 
for believing that this theory truly represents the 
case, with the acciu^acy required for determining a 
physical law. 

(327.) The theoretical determination of the 
velocity with which gaseous fluids are discharged 
through tubes and apertures under pressure, has 
often been submitted to mathematical investiga- 
tion ; and the subject being of importance in 
various branches of practical science, it is to be 
regretted that considerable differences exist in the 
results of the several formulae which have been 
propounded for its elucidation. Dr. Papin,f in 
1686, first showed that the efflux of all fluids 
follows a general law ; and that the velocities are 
inversely as the square roots of the specific gra- 
vities. Dr. Gregory has likewise given various 
formulae for calculating the velocities of air in 
motion under different circumstances; and Mr. 

* This Chapter contains the paper by the author, which was 
read before the Institution of Civil Engineers, May, 1840, 
" On the Efflux of Gaseous Fluids under Pressure." 

t "Philosophical Transactions," 1686. 



716 .OR IBE' TSBOCr ' 

Davies Gilbert, Mr. Sylvwtar, M^ Tn!<feoW;jand 
Diany other writers of et^ual autii«irit.x,..havtt t^d 

investij^ted the subject. ,.; ,111 

(328.) The hydrodynamic law of spouting fluitU 
has by all writen. bceu applied in the calculatipos 
for the deteFmination of this questioo. This law, 
it i« well known, is the same as that of the *cce- 
lumting velocity of falling bodies; and is proptv- 
tional to the square root of the height of the 
aupenncuinbent coliima of homogeneous fluid. 
But, although the various writers all agree in this 
fiindamental principle, they differ materially in 
the mode of applying it, and in the several cor- 
rections introduced in their theorems; and the 
results they have arrived at are of a very contra- 
dictory character. 

(.329.) Dr. Gregory's formulae for calcidating the 
velocity with which air of the natural density will. 
rush into a place containing rarer air, is based upon 
the velocity with which air flows into a vacuum.: 
T^is is equal to the velocity a heavy body would 
acquire by felling freely from a height equal U>' 
that which a homogeueous atmosphere would 
liave whose weight is equal to thirty incheSi of 
mercuiy. The height of this homogeneous atmo^ 
s'jihere is 27,818 feet: and the velocity which a 
body would acquire by falling from this height 
(and consequently the velocity \tith which air 
will flow mto a vacuum) is V (27,818 x"64-36) 
= 1,331) feet per second. The density of Wife' 
rarefied air divided by the density of the natural 
atinosphere, and this number sxibti-acted fWrtht 
unity, represents the force which produces moKoH^ 
mid the fiquiuo root of this number multiplierfby 
f,33D f(vt (the Vflncity with which air rushes iiitbi 
a viituinii) is the velocity with which the atmosphere' 
mil rush into any place containing rarer air.* ' ' 
^ i,Ji'it."irj"n ■'>Itcljftuii:s," v(j1, i,, p, 515^, . 
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*>'533DI)»^5?lifel' nlrft!ho«l> tOTHfabyed '■ hf Mn • Davies 
€«]bert/id(al%(^ 4niy^ iipon^the velocity with which 
air rushes into a vacuum, when pressed by a homo- 
gfafifebus^ atmosphere, equal to the weight of the 
fiMiital atmospheiie at the earth's surface. This 
sup{)0Bed homogeneous atmosphere is, according 
ta Mr. l)aivieS Gilbert's calculation, 26,058 feet: 
ai^the velocity with which air would rush into 
a^'Vacuum" -when pressed by this weight, will be 
U^' (S6,058) 'x 8 « 1295 feet per second. When 
this calculation is applied to two columns of air of 
unequal density-^— as for instance, the discharge of 
aif through a chimney-shaft — the height of the 
heatted column of air divided by the height of this 
homogeneous atmosphere, and the square root of 
this number multiplied by the velocity with which 
air flo'ws into a. vacuum> and this product again 
multiplied by the square root of the number repre- 
[Renting the expansion of the heated air, will give 
the velocity in feet per second. The expansion of 
aii- when heated is found (by Mr. Gilbert's method) 
by raising the decimal 1-002083 (which repre- 
i^ts a volume of air expanded by one degree 
of Fahrenheit) to the power whose index is the 
number of degrees which the temperature of the 

air is raised ; or it is equal to the fraction ||i-{ " 

n being the number of degrees of Fahrenheit, which 
the temperature of tlie ascending column exceeds 
that of the external atmosphere.* 

(331.) Mr, Sylvester's method of calculation 
proceeds upon the supposition, that the respective 
columns of light and heavy air represent two un- 
equal weights suspended by a cord, hanging over a 
p^^ey ; and this mode of calculation gives a result 
viary mju.c|i le,s& than by any other method. 

The unequal weight of two columns of air is 

* J* Quarterly Joumal of Science," vol. xiii., p. 113. 



foumi by Mr. SHrester nearir in tbe •Bome- n^aaiter 
as by )Ir. GUbert. The vokone of air expand^ 
by one degree of beat, is eqoal to l-002f^: aiid 
this nmnbeT, when raised to the power whose 
md«x is the excess of teBTperattire of the heated 
cohimn, gives the expanded volume of the air; 
aod assmning the atmospheric density to be unitj', 
we have 1 — a-o^a&s i' ~ ^ •' ' ^^^ the excess of 
temperature of the heated column, and d the dif- 
ference of densitj' between the two columns- This 
diflerence of density multiplied by eight times the 
square root of the height of the tube or shaft con- 
taining the heated air, gives the velocity in feet per 
second.* 

(332.) In -Mr. Tredgold's theorem for calculating 
the efflux of air, the force which produces motion 
is assumed to be the difference in weight of a 
column of external and one of interned air, when 
the bases and heights are the same. The difference 
of temperature of the two columns by Fahrenheit's 
scale, divided by the constant number 450 plus 
the temperature of the heated column, and this 
quotient multiplied by the height of the tube or 
shaft, gives the difference in weight. Then by the 
common theorem for falluig bodies, eight times the 
square root of tliis number will give the velocity iij 
feet per second ; or, accurately, V = V ^^^ |^~ * * ; 
A being the height of the tube, t the temperature 
of the internal, and x the temperature of the 
external air.f 

(333.) Tlie method of calculation proposed by 
Montgolfier appears however by recent experi- 
ments to be the most accurate, as it is also the 
most simple of all the modes of determining thi^ 
question. The difference in height must be a^c^j 
* " AnonlR nf Philoflophy," vol. xix., \\ 408. ■ ' ' ■ '" 
-■1+ Trfiigolil, " On Warniing Bnildings," p. 76. *' 
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(i^ju^iwhich ,tWQ columns of air woiild assume 
!\vj|p(i^ft;;thq pn^ is heated to the given temperature, 
(l;|^Jg. other being the temperature of the external 
^r.;; and the rate of efflux is equal to the velocity 
that a heavy body would acquire by falling freely 
through this difference of height. 

The space which a gravitating body will pass 
through in one second, we know to be 16*09 feet; 
but, by the principle of accelerating forces, the 
velocity of a falling body at the end of any given 
time is equal to twice the space through which it 
has passed in that time ; or the velocity is equal to 
the square root of the height of the fall, multiplied 
by the square root of 64*36 feet ; or, again, to the 
square root of the number obtained by multiplying 
64*36 feet by the height of the fall in feet. 

When the vis viva is the difference in weight 
between two columns of air, caused by the expan- 
sion of one of these columns by heat, the decimal 
•00208, which represents the expansion of air by 
P of Fahrenheit, must be multiplied by the number 
of degrees the temperature is raised, and this pro- 
duct again by the height of the heated column. 
Thus, if the height of the column is 50 feet, and 
the increase of temperature 20% we shall have 
20 X -00208 X 50 = 2-08 feet; or 52*08 feet of 
hot air will balance 50 feet of the cold air, and the 
velocity of efflux of the heated column when 
pressed by the greater weight of the colder column, 
will be equal to V (2*08 x 64)= 11*55 feet per 
second.* 

* This mode of calculation supposes an equal expansion of 
air by- equal increments of temperature, which is generally 
a^sttmed to be true at all moderate differences of temperatura 
Theiie can, however^ be but little doubt that air expands more, 
proporfionally, at high temperatures than at low ones, for equal 
inC^eWients of heat ; but, as all other bodies expand even more 
irregularly i^an ,air, we possesB.no means of measuring this 
deviation £rom regular expansion. Mr: Davies Gilbert's and 



The. efflux of jau-xindmr ttny gilvcampni*sin;e:iwfc» / 
also be calculated by the samomaaus..! FtH-ritlici 
pressure being known, it is only necessary to onlcunn 
late the height of a colunm of air which would be 
equal in weight to this pressure. Tluis* if the- ) 
pressure be equal to one inch of mercury, water JS > 
827 times the weight of air, and niercuiy 13^5 
times the weight of water; therefore, S27 ^ 13:S I 
= 11164 inches, or 930*3 feet; and according to 
the preceding fonnula ^ (930-3 x 61) =2-44 f«et . 
per second for the velocity of efflux under this | 
pressure of one inch of mercury. .^i l,( 

(334.) In all these cases the velocity thus aseec^i 
tained is independent of any loss by fi'iction; a^ 
certain deduction must be made for this loss, which > 
will vary greatly, according to the nature and size , 
of the tube or shaft through which the air passes, 
as well as with the velocity of tbe air. Like ftltl 
other fluids, the retardation of the air by friction,! 
in passing through straight tubes of any kind, will 
be directly as the length of the tube and the square,, 
of the velocity, and inversely as the diameter. ■ 
This question, lioweverj becomes very complicated - 
under these circumstances, and particularly so 
when there are angular turns in the tube through .■ 
which the air passes. The present state of our, ^ 
knowledge on this subject does not allow of any - 
very accurate determination of the amount which i 
ought to be deducted for friction from tbe iiiitittlii 

■ . ■ - '-vil- 
Mr. S<f Ivester's. mode of Cfilculiiting the ffjnrViinTi Yif iiiT JittrtJ^'f 
given, Bitppofiea ft very consideralde inerensc iB the nte'tf- 
exjiapaion, and tlie following foriiiula is used bj Dr., Gregory :^r- 
The expaniuon of air fur 180" is -376; tlierefore, any otlicr tempe-, 
ratHrewillbe(l-370)"^ X {1-37G)'= (1-0018) x (1 '376)' =«.V: ' 
X liomg the temperatiu-e required, and T the volume of tjie pii 
ftt tliia increHBed temperatnre (Gregory'a " Mcchanica," *of.' t," 
p. 4SG.) This mode ^ culcakttiuu givee a. Icsa eacpauaiOQ tbi)ti|, 
that of Mr, Giibert, .,,.-, .,-L| ,...,,[ r(H, , fin -i pirrnn' ' 
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velocity obtained 'by calculritionj'and itiSionly by 
empirical means we can lirriVe at aw e'stirtuite of iB<f 

(336,) We «hall proceed now to ascertain how far ' 
these theoretical calculations agree with the lesultB' 
obtained by experiments. •'"] 

In some new furnaces which Sir John Guest hal6^ 
lately added to his extensive iron works at DowlaiS;* 
some experiments have been made on the quantity 
of blast injected into the furnaces. In these ex^' 
periments, the machinery employed being new and] 
of the best construction, the loss occasioned by the^ ! 
escape of air through imperfections of the appa- * 
ratus, was, perhaps, as small as possible. The-' 
engine for blowing the furnaces made, at the time * 
of the experiments, 18 double strokes per minuttJ." 
The diameter of the blowing cylinder was 100' ' 
inches, and the effective length of the stroke seven-^ 
feet six inches. From these dimensions, thereforei" 
it appears that 14,726 cubic feet of air was taken" 
into the blowing cylinder per minute ; and the tubes ' 
through which it was discharged from the received" ■ 
were six of four inches diameter, and six of one andl 
a quarter inch diameter; the area of all these tubes*' 
was therefore '5747 of a square foot, and the pres-' 
sure of the blast, measured by a mercurial gauge, 
was equal to four and a half inches of mercury. 
Calculating by the formula already given, we shall 
have V (827 X 13-58 x 4*5 -k 12 ^ 64) = 519-2 feet; 
which is the velocity per second; and this number 
multiplied by 60, and then by the area of the tubes, 
will give 619-2 x 60 x -5747 = 17,903 cubic feet of 
air discharged per minute. From this amount some 
deduction must be made for friction. The velocity 
of the di:-;charged air is 354 miles per hour; and 
with this immense velocity, and thiough such small 
pipes, the friction is no doubt considerable. By 
deducting 18 per cent, from the calculated amovm*" 
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of 17,903 cubic feet, vre OiM /hate MfiSbwfim | 
fttot, which ag;reeK within a fraction (naoRly^ilfr isati ' 
witli tlie quantity obtained by measurtantUL •^^iriii^ 

(33G.) In other experiments made at thelsanid 
place, the following were the results : — Tlie-qsn^ 
tity of air which entered the blowinji cylinderLiras 
the same as before; namely, 14, 720 cubic t€«?t; the 
total area of the tubes which dischai^ed the blast, 
was '6502 of a square foot, and the pressure of the 
blast was equal to four inches of mercury. The 
calculation, therefore, will be V(S27 x 13-58 x 4-^- 
12 X ()4) = 489-3 feet per second: and therefwe 
489-5 X 60 X -5502 = 16,159 cubic feet discharged 
per minute. The velocity of the blast in this case; 
was 333 miles per horn-, and if we deduct for 
friction, nine per cent, from the calculated amount, 
the remainder is exactly the quantity of air which is 
ascertained by experiment to be discharged through 
the tubes. 

(337.) In a work published in 1834, by M. 
Diifrenoy, being a Report to the Director General 
of Mines in France, on the use of the Hot Blast in 
the Manufacture of Iron in England, the results 
are given of many similar experiments to the aborei 
but with two exceptions, the detaUs are not suffi<- 
ciently ample to found any calculations ujioit The 
two exceptions named, are the ftiruaces at th*' 
Clyde, and at the Butterly Iron Works, when they 
were blown with cold air. Both those blowing 
machines are described as having been in use for 
several years ; and it is therefore natural to sup- 
pose the various parts were more worn, and fitted 
Ibss accurately than in tliose experiments already 
described. The experiments were also made with 
less care. Tliey show a different result to those 
already detailed ; as in these the calculated quan- 
tity of air appears to be less than the quantity which 
entered the blowing cyhnders, in about the snni»* 



OF/0AMOUS(f£FFfSDX. $^3 

pn^rtidii^sls it.exteeded it uif' the (former case^; 
IDbii^ diffei^ence>=iio doubts arises from the imperfect 
fitting of: the piston of the blowing cylinder, which 
by: allowing a portion of air to escape, would 
dimmish the apparent pressure on the mercurial 
gauge, placed at the further extremity of the appa- 
ratus, and thence the calculated rate of efflux 
would of course be diminished. 

(338.) In the experiments at the Clyde works, 
the quantity of air which was discharged into the 
furnaces, when estimated by the quantity that 
entered the blowing cylinder, was 2827 cubic feet 
per minute. The pressure of the blast was equal 
to six inches of mercury, and the area of the tubes 
•0681 of a cubic foot. Calculating the discharge 
of air under this pressure, it amounts to 2450 cubic 
feet, being 13 per cent, less than the measured 
amount, supposing no loss to occur by imperfect 
fitting of the apparatus. 

(339.) At the Butterly works, the quantity of air 
discharged into the furnace, estimated by the con* 
tents of the cylinder, was 2500 cubic feet per 
minute. The pressure of the blast was equal to 
five inches of mercury, and the area of the tubes 
•0881 of a cubic foot The quantity, by calcula- 
tion, appears to be 2235 cubic feet, being less by 
10| per cent, than that shown by experiment. In 
both these last cases, however, there is but little 
dtoubt that the loss of air from the cylinder caused 
the pressure on the mercurial guage to be less than 
it would have been, had the apparatus been per- 
fectly t^ht ; and a very small diminution in the 
observed hdght of the mercury would account for 
a; -much greater difference in the velocity of efflux 
t^an is here shown. 

We are fully warranted in the conclusion from 
thettr experiments, that this method of calculation 
is^as: adcurate as any theoretical determination of 
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siKb ,«, qi^tion [can, be ; t>u«, , ftow (>(« i »!siiJfs,Hv 
obtained, an allowance must always,,!^ pia^,feT, 
friction, wliich will necessarily vary with tUt^iRecj^ 
liar civcumstance-s of each case. , ,, /%iu.l 

The follomilg Table will exhibit tlie.F-e?loJ)%IM 
the preceding experiments at oneview* ,,if,.-i, „ i„ 
, I "1 .iicilVnl 

.■„.,:l: :,.,„ ' TiBM XXIX., ,, ,,,.,,|,, ,,;„„..,|,, 



>lKt ud Numtxr 


pi 


a 


a 


14 


5z 


1 .'H.; 


II" 


pi 


i| 


ji 


Dowlus. No. 1 
,. „ No. 2 
Clyde. No. 3 
Buttorly,No. * 


4'6 

4-0 
fl-0 

6-0 


■5747 
■6502 
■0681 
■0681 


S5* 
333 
408 

37a 


14726 
14726 
282T 
2500 


17S03 
16169 
2450 
2235 


+ u 

+ 9 

- 13 

- lO'S 



In order to show the results of the several modes 
of calculation, which different mathematicians have 
adopted, the following Table has been calculated 
from the data given in experiment the second of 
the preceding Table ; and it shows how far the 
several modes differ from each other in their 
results : 

Tablb XXX. 



Flun 


1 . 

ill 


a 

1" 


i1 


■ 


Mont- 

golfiM. 


^o7;. 


GUbert. 


BTliMler. 


Tndfold 


Donl^.. 


' 


■6S02 


1472S 


16169 


1E152 


1*865 


6017 


1S55S 



Considering the amount of friction which must 
result from the discharge of air at the immense 



OF ^*ft^6&S^^Bf Ff:«X. ^M 

i1Sfa5flyi"S33fii^^ that some of 

tfiS^hS^ 4hjfik 6tA^ Ij inch diameter; it will pro- 
bably be considered that the highest of these cal- 
^tllaraitts is tife'e iiearei^t the truth, as it only allows 
of a' deduct! dn of tlitie per cent, being made: for* 
firiction, to reduce the calculated amount to the 
quantity obtained by experiment. It may, there- 
fore, be cbnpliided that the method which gives 
this result> is the inost acciirate, as it is also the 
most simple for general use. 
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this, piirp*^^* boeaTneigHilerfliliiihut.v^in^tlte.penQd 
of the iiiiildlaof the seventeenth cputury the luae 
(if coal became common, both for domestic laiHl 
niaiuifactuniig puri>oBes, in nil cases where heat 
was required to be produced; and its consumption 
lia«; steadily increased from tiiat pen'od. i 

I These few historical remarks on the use of coal 
show, in a striking point of view, the neglect with 
which this valuable substance was formerly treated ; 
and, it contrasts most singularly mth the vast im- 
portance which is now attached to it. And when 
we consider the gigantic effects produced by its 
agency in our own times, and the still greatei- 
effects of wiiieli it yet gives promise, we can scarcely 
credit the apathy with which it was regarded at a 
period so little remote from our own age. i 

. (312.) The several properties of coal are the 
,result of two distinct substances, which are com- 
bined in different proportions in the specimens 
obtained from different localities. Carbon and bitu- 
meji are the two substances which give to coal its 
distinctive characters, though other substances 
exist in it in a greater or less degree ; some bemg 
extraneous and the result of mere local situation, 
and others partaking of a more generic character. 
In discussing this subject we shall proceed to con- 
sider — first, the chemical character and composition 
of coal; secondly, its properties as a combustible; 
and, lastly, the methods of consuming the smoke 
given off during its combustion, and of rendering 
it available in increasing the calorific effects of the 
fuel. 

(343.) Some chemists have objected to the 
opuiion that coal is a compound of carbou and 
bitumen. No process has yet been devised -by^ 
which it has been possible, in the analyses of coai>i 
to rdfeolve it entirely into these two substanoes.^ 
but, together with them, there is always obtainedi a^ 
I quantity of gaseous matter. Some portion of this 



1 geswfusi matter- rebdily^ distils' from' coal with: coiti- 
ftar^velf' * i rerj* ' slight increuse i of temperature ; 
Imhile iother portioils, evidently resulting from the 
"decomposition of the hitumen, require for their 
'elimination a much more intense heat. No speci- 
mens of coal yet discovered are entirely free from 
these gaseous products. The only kinds which 
may be supposed to be exempt from them, are the 
Anthracites ; b^tt these all contain a small portion 
of volatile matter, considered by some to be merely 
water; or its elements ; but by others, on more 
accurate analysis, decided to be similar in compo- 
sition, though far less in quantity, to the products 
obtained from bituminous coal. 

Considerable discrepancies exist in the analyses 
by different chemists of some varieties of coal. 
Enough, however, is known to afford very valuable 
information in the successful application of coal to 
the various useful purposes of the arts ; though it 
mast be confessed that hitherto the operations of 
the practitioner have availed far more than the 
theories of philosophy. 

(344.) No accurate analyses of coal were made 
previous to those of Dr. Thomson, in 1819. The 
method pre\'iously employed, by ascertaining the 
quantity of residnary carbon left, after the volatile 
matter was driven off, was necessarily very inac- 
curate^, because the gaseous products of the coal 
carried off a considerable pttrtion of carbon in the 
form of carburetted hydrogen and carbonic oxide, 
by which the quantity of carbon in any given speci- 
men appeared to he considerably less than really 
existed. Such a mode of analysis, however, is not 
iteithout its use ; because it shows, more accurately 
than any other, the quantity of coke which can 
practically be obtained from any given specimen of 
coaly and which by any other mode can only be 
found by calculation. " '" -; ' i"' 

The earliest analyses of coal by *M8 ptbtmS 



aawBiitfrumievnaio^L. 



831 



lbetf»id^*Jthe B^eofd^Bped coaU but likewise in 

^l^diffbtteiiiipiBcfmehs^ of the^same species^ obtained 
liliGnm 'Afferent localities. This is particularly the 
^dase^ith the Anthracite coal^ which passes through 
every stage of difference, from nearly a pure carbon 
down to the state of ordinary bituminous coal. 

(345.) A more intimaite knowledge of the nature 
of coal was obtained by Dr. Thomson's analyses, 
before alltided tfo, by which the exact constituents 
of the volatile matter were ascertained. The fol- 
lowing Table gives these analyses, together with 

Table XXXII. 



Name of Coal. 



Caking Coal 
Splint Coal. 
Cherry Coal. 
Cannel Coal 
Splint Coal. 
Cannel Coal. 



■ 



Splint Coal, Wylam 

I>itto, Glasgow 

Cannel Coal, Lancaa. 
Ditto, Edinburgh ... 
Cherry Coal, Newcas. 

Ditto, Glasgow 

Caking Coal, Newcas. 
Ditto, Dorha^ ....:.. 
Anthlracite, Wales ... 
Ditto, Pennsylvania 

Ditto, Meyenn 

Ditto, Roldue 

Ditto, Wales 

l>itto,Pei]!ibrokeshire 



Carbon. 



76-28 
76-00 
74-45 
64-72 
70-dO 
72-22 



74-828 

82-924 

83-75S 

67-697 

84-846 

81-204 

87-952 

88-274 

92-56 

90-46 

91-98 

91-46 

89-43 

92-48 



Hydro- 
gen. 



4-18 
6-25 
12-40 
21-56 
4r80 
8*93 



6^180 

6-491 

5*660 

5-405 

5-048 

5-452 

5-239 

6-171 

3-33 

2-43 

3-92 

4-18 

3-66 

3-37 



Azote. 


Oxygen 


Specific 
Gravity. 


15-96 


4-58 


1-269 


6-26 


12-50 


1-290 


10-22 


2-93 


1-265 


13-72 


0-0 


1-272 


0-0 


24-80 


1-266 


2-8 


21-05 


1*228 


\. J 




r' ■■ 

Oxygen &Azote 


Ashes. 


6-085 


13912 


10-457 


1-128 


8039 


2-648 


12-482 


14-566 


8>430 


1-676 


11-923 


1*421 


6-416 


1-393 


9-086 


2-519 


2-58 


1-68 


2-45 


4-67 


8-16 


0-94 


2-12 


2-25 


8-95 


1-70 


2 


-49 


1-73 



Authority. 



Dr. Thomson.* 



I Dr. Ufe.f 



'Bichardson.} 



Reynault.§ 



Jacquelain.l 



Lcqu 



Schafiiaentl.ir 



* " Annalfl of Philosopliy,'' vol. xiv., p. 95. 

t " Chemical Dictionary," Art. " Coal." 
. X " London and Edinburgh Philosophical Magazine^'' vol. xiiL, 
p. 131. 

§ " AnntileB de Chimie," voL Ixvi., p. 337. 

II " London and Edinburgh Philosophical Magazine/' voL xviL, 
p. 213. , In this analysis the coal contained 1*36 per cent, of 
water. 

IT Ibidj p. 215. In the ashes of this analysis '12 per cent is 
sulphuTir 



ihe'i'^tiltstJbtatricd by''oth'^j- ch^ik\Min^HitM^ 
ing the nature of the gkseons prbducts, blit^nfeS 
from coal. ' ' ''■"'■' 

By comparing together the results of Dr.' T^Oii- 
son's analyses given in the preceding Tables, we 
shall see how greatly the nature of the volatile 
matter contained in any specimen of coal affects 
the resulting quantity of coke. By Table xsxii. 
it appears that the aggregate quantity of the gaseous 
products of caking, splint, and cherry coal, are 
very nearly simitar; while by Table xxxi. we per- 
ceive that the quantity of coke obtainable from 
these several species, varies more than 45 per cent. 
This, however, can readily be accounted for, wheil 
we ascertain the nature of the gas which predomi- 
nates in each species : for, where hydrogen and 
oxygen abound, a large quantity of carburett^d 
hydrogen and carbonic oxide is formed, at the 
expense of a certain proportion of the carbon; 
while in siicU specimens as contain azote iii the 
largest proportion, a tar smaller loss of the cairbd- 
naceous portion of the coal is sustained. ' 

(346.) Of all the volatile constituents of coal, 
the azote is that which quits it with the greatest 
difficulty. Professor Proust* considers that coal 
always contains azote, even when reduced to Coke ; 
for when coke is treated with potass, a prussic 
lixivium is always obttuned ; and the same heieveti 
found to be the case with anthracite coal. The 
prussic radical is a compound of azote and carbon ; 
and it may be a question, whether any pait of the 
difference which is known to exist in the heating 
power of " oven coke" and " retort coke," is owing, 
in the former case, to the presence of a larger 
portion of nitrogen. Some of the pmssic coirir 
pounds are very inflammable, and may therefore 
be supposed to produce some calorific effect' bj' 
their presence. 

• '■ Nicholson's Journal," vol. xviii., pp. Wi iiud 1T3. 
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,, , e great^t pei-tiiaacity by coal, exists in 

nearly all the species in a greater or less degree. 
It is, perhaps, the only one of their constituents 
which, accoriiing to our present knowledge, is 
wholly valueless. Its injurious tendency is not 
more remarkable than the tenacity with which the 
coal retains it. Generally it exists in combination 
with iron, in the form of pyrites. In the process 
of coking, a portion of the sulphur escapes in the 
state of sulphuretted hydrogen gas ; but no degree 
of heat is suiiicient to drive ofT the whole of the 
sulphur ; and many beds of coal are rendered 
almost useless, in consequence of the large quantity 
of sulphur which the coal contauis, preventing its 
use in metallurgy, and many other processes in the 
art§. The presence of sulphur, indeed, is generally 
mpre perceptible in coke than in coal : the mass of 
volatile matter which escapes from the latter, dis- 
guises the presence of the sulphur in a great degree; 
while, with coke, the fumes of sulphurous acid are 
generally very perceptible. No mode, practically 
applicable, has yet been discovered for freeing coal 
from the sulphur it contains. By treating it with 
nitric acid the pyrites are dissolved, and the sulphur 
and the iron may be washed out ; but the coal is 
converted by the operation into a bulky coke, and 
is entirely changed in its character, and ceases to 
aifford the same gaseous products as before.* It is 
probable that some kinds of anthracite coal are 
nearly free from the presence of sulphur ; and, 
indeed, several kinds afford no evidence of its 
existence. 

(347.) The application of coal to the purposes 
of fuel depends, like that of all other combustible 
bodies, on the chemical change which it undergoes 
in uniting by the agency of heat with some body 

* " Nicholson's Journal,'" vol. XTiii., p. 17(1, 



S34 COMBUSriOK' 'OP- OOAt.' 

for whicli it pOBBesscs a poweFfali'a£initf^'<''Iiki:«d>tI 
ordinary cases this effect is produced tty iti'itnjoh' 
with oxygen ; and we shall therefore inqirirei ibtat 
the modes of effecting this in the bestmanneril i' ' 

When coal is entirely consumed, the carboni is 
wholly converted into carbonic acid gas, and the 
hydrogen into water — the latter being in the state 
of vapour. The air supplies the necessaiy oxygen 
for this purpose ; and in this state the products of 
the combustion are nearly or quite invisible, both 
the products being colourless fluids. Smoke, there- 
fore, is always the result of imperfect comhusiion. 

(348.) It has generally been conwdered that 
when coal is careftiUy coked, the residuary coke 
will produce as much heat when applied as a tuel 
as the original quantity of coal would have done 
from wliich it was produced. This of course can 
only be taken in a general sense ; because much 
must depend upon the method of coking, and the 
prevention of waste, as well as the extent to which 
the process of coking has been carried. Many 
experiments confinnatory of this general view of 
the relative values of coal and coke have been 
made ; the most recent are those of Mr. Apsley 
Pellat, Mr. Parkes, and the Count de Pambour. 
But it should be observed that in the residu^y 
coke from the process of gas-making, the peculiar 
mode of carbonization lessens its heating power to 
a considerable extent; and it is principally to what 
is known as "oven-made coke" that this remark 
will therefore apply. 

We have the clearest evidence from the fact of 
the great difference in the heating powers of equal 
weights of coal and of coke, that the waste maet be 
very great in the usual modes of burning coal. We 
kfiow that a large proportion of the gaseous pro- 
ducts of coal — which we have already seen consti- 
tute on a rough average about one-fomth of its 



ti6Ca2 Weightrt^onsiHts of' mattt^ wliich 154: capable 
ofpcoduiciiig the most intense heat; and yet we 
fiodi practically, that its effect in furnaces is abso- 
lutely negative. This caii arise only from some 
imperfection in our methods of combustion; and 
we may obtain a tolerably accurate notion of the 
extent of the loss thus sustained, by a reference to 
the analyses of coal already given. Let ua take as 
an example the caking coal, according to Dr. Thom- 
son's analysis in Table xxxu. — which is the New- 
castle coal so generally used. We find that in every 
100 lbs. of coal there are contained 4" 18 lbs, of 
hydrogen, and 4"581bs. of oxygen. When these 
gaseous products are driven oflF by heat, they will 
both corabuie with a portion of cai'bon. The quan- 
tity of carbon which combines with the hydrogen 
is very variable ; differing with the degree of heat 
to which it is exposed. When the temperature is 
very high the hydrogen will combine with three 
times its weight of carbon, fonning the true carbur 
retted hydrogen; but, from a coke oven, a large 
portion of the hydrogen escapes nearly in an uu- 
combined state, and therefore the quantity of carbon 
thus abstracted will be only about one-half the 
quantity wliich would constitute true carburetted 
hydrogen ; or about tj ll)s. of carbon may be assumed 
as the quantity carried off in the latter case- Dr. 
Dalton ascertained that the combustion of 1 lb. of 
hydrogen would melt 320 lbs. of ice; therefore, 
4'181bs.'would melt 13371bs. of ice; and the heat 
produced by 6lbs. of carbon will be sufficient to 
mek 376 lbs. of ice, according to the average of the 
experiments of Watt, Runiford, and Black.* The 
4'"581bs. of oxygen contained in the coal will com- 

• The average of the experiments of Watt, Euinford, and 
Black, gives 39 lbs. of water raised 180 degrees, by the coni- 
biwtion of 1 lb. of eoal ; or T030 Iba. of water raiBed 1 degree. 
The latent heat of ice being 140 degrees, this will bo equal to 
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bine with S-SUiSiOf <wrl»onK8tt<itJNTOf^^'Q3.1twt!^l 
carbouic oxide. Accordiiig to Dr-iD$ltbn/|Ul(4«rj 
this gas will melt 26ll>s. of ice; therefpie,>8i08ilb»ij; 
will melt 202lbs. of ice. These lesultM jmiouot'i 
together to 1915 lbs. of ice nieltt^d by the hcatolwi 
tainable from these several substances; whitjhir 
, number multiplied by 140 degrees, tlie latent hea>t-i 
of ice, and this product divided by 7020, , the i 
number of pounds weight of water which can beit 
raised 1 degree by the combustion of I lb. of coal, 
we shall find the total heat of these several gaseous/ 
products are equal to the calorific efE'i-cta of 381bs. 
of coal. It is not known whether the azote ,whichii 
the coal contains produces any heating effect; nor, 
will the heat necessary for its expulsion from tb^. 
coal cause any loss which is appreciable, even if tbei. 
whole of it be tlriven off by heat, which, however,, ( 
we have already seen, is not the case. By the ex-, , 
periments of Berard and Delaroche, on the specific 
heat of gases, we find that to raise the temperature, 
of the 15"961bs. of azote to the temperature of aOOj, 
degrees Fahrenheit, will only require 4'9 ounces of ■> 
coal — a quantity too small to be taken into accoiunit,,| 
The loss, therefore, by the escape of these gase^ias,, 
products of the coal, amounts, by these cjdculatiqnsii 
to 38 per cent.; and the coke which remains .wijl'i 
be of the description known by the name of "oven . 
coke," and will produce the same calorific effect^,; 
the original quantity of coal would have done, pi^. 
vided the latter were burned in the usual ma/mer^^... 

Another method may be employed for ascertain- j 
ing the loss sustained by the escape of the volatije, , 
matter of coal, by calculatii^ the heating power of 
the various products obtained from coal in the prxf-; \ 
cess of gas-making. The tjuantity of carburet^,, 

melting 50141bB. of ice with lib. of c»nl; and the heatittlf*^ 
power of coke, compared with cool, beiog »i 10 to S*:!]}). i^v 

coke will melt 627 lbs, of ioB.,: ,,:,,. ,jv !li.,' i., ■,: ,i< !-■')» ' 



iif^i^^^aJ^^'^tiAm >^00lt>^; of ttiki^g' 

c\^<^id{ gaikt^ kvt^e qiihUtY, ttiay W stated at 
sMtt^UOmhidfikt; of whiiih the specift6 gmvity 
W«fc©Wl>-50'l!b "-55. Twenty-fotir cubic feet of this 
g*i"w81"^€Sgh lib,; and as lib. weight of this gas 
nrffl Welt 85 lbs. of ice, according to Dr. Dalton's 
eipetiments, we shall have ^ x 85 = 1593 lbs. of 
ice' melted by the combustion of the gas obtainable 
from 100 ibs. of coal. Reducing this, as in the 
fottner i^asi^, to the mean of the results obtained by 
Watt, Rumfoi'd, and Black, we shall find that it is 

XI to the total effect of 31 '76 lbs. of coal. In 
ion to this there will be about 8 lbs. of tar 
obtained from 100 lbs. of coal. This, when decom- 
posed by heat, yields about 100 cubic feet of an 
impure hydl*o-carburet, mixed with about one-third 
by wferght of carbonic oxide. Reckoning the heat 
of this by the data already given, it will be equal 
to the effect of 10*4 lbs. of coal. The other product 
of the distillation is ammoniacal liquor. Of this 
abbut Vilbs. will be obtained from 100 lbs. of coal; 
consisting of 5f lbs. of water, and li lbs. of ammo- 
nia; the former containing in its composition •641b. 
of hydrogen, and the latter '291b., making together 
•93 lb. of hydrogen ; and the heat obtainable from 
this quantity of hydrogen will be equal to 5*93 lbs. 
of Coal. These several results amount together to 
a loss ecjuivalent to 43*09 lbs. of coal; but as the 
residuary product of the distillation will be only 
'^ retort coke," which is inferior to even coke in its 
heating power to the extent of 121 per cent., ac- 
cording to the experiments of M. de Pambour, we 
must deduct from the above amount the difference 
between the heating power of this coke and that 
which was apposed to be obtained by the former 
mode of calciUation — the quantity being considered 
the same in both cases. We shall therefore find 
the statement will stand as follows : — 
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By this method of calculation, the los.s occasitHied 
by the non-conihmtion of the volatile products of 
the coal amounts to 3iH p<^r cenL, which is an ex- 
tremely near approximation to the result obtained 
by the fonner method. We cannot, however, coin 
sider that the whole of this amount is always lost 
by the escape of smoke in the combustion of coaL 
With open fires, no doubt, this is the case, as well 
as other sources of loss pecuhar to this metiiod of 
combustion. But in furnaces, however imperfectly 
they are constructed, some portion of the smoke w 
always consumed; and by that amount, whatever 
it may be, the loss is diminished. The smaller the 
quantity of volatile matter which the coal contains, 
the less will be the loss in this way; but the kind 
of coal selected for these calcidations is a quality 
which may be considered to afford a fair ave- 
rage. 

(319.) But,in additiontothelossof calorific effect 
which is here shown by the escape of unconsomed 
smoke, there is another som-ce of loss which always 
exists in a greater or less degree, arising from the 
formation of carbonic oxide. It is of importance ,to 
understand correctly the theory of the formation of 
this carbonic oxide, as it materially affects the 
question of economy in the combustion of luel. 

(t3a0.) When atmospheric air comes in contact 
with coal or coke at a very high temperature, the 
combination of the oxygen of the air with the 
carbon of the fuel, always forma carbonic acid gas, 



'"^^l 0^ftdliW?)?i5i..>t)3.ft. phpua^mienon of combustion.* 
Su^h is ''' the effect of atmospheric air entering 
thtdughl tli^' grate-bars of a furnace, on the lower 
stratum of fuel, lying immediately on the bars. 
]5\ir while this^ carbonic acid gas passes upwards 
through the upper strata of the heated fuel, a ftu*- 
tber, portion oi carbon combines with it, and it 
becomes converted into carbonic oxide — carbonic 
«dirf •consisting of two volumes of oxygen and one 
vohime of carbon; while carbonic oxide is com- 
{k>sed of equal volumes of oxygen and carbon. 

The result of this conversion of carbonic acid gas 
into carbonic oxide, by passing the former through 
•highlyi-heated carbon, is a considerable loss of heat 
When the carbonic oxide escapes from the fiimace 
in this state; for a given weight of carbon, cpn- 
=verted into carbonic oxide, only produces half the 
li*at vrhich it would do were it converted into 
carbonic acid gas. The combustion of fuel, there- 
fore, cannot be perfect where any considerable 
quantity of carbonic oxide escapes undecomposed ; 
sAthongh it may often happen that no smoke is 
'visible even when there is a large escape of carbonic 
oxide. This- is particularly the case when coke is 
used as fuel. There is in this case no smoke ; but 
if there is a deficiency of atmospheric air to supply 
the necessary amount of oxygen to convert the 
ptoAadt of the combustion wholly into carbonic 
-at^id' gas, a' lai^e quantity of carbonic oxide is 
fohned, which not only causes a very great loss 
of fuel, but it is probably even more unwhole- 
some than the most dense smoke. No system 

' * TThe loweet temperature at which this combination of 
oxygen and Garboa takes place, is a little above the boiling 
qpiHUt of mercury. At this temperature carbonic acid gas is 
fpfnned^ without any luminous appearance; at higher tempera- 
tures true combustion occurs, and carbonic acid is produced 
^th great rapidity. (Davy's " Experiments on Flame : Philo- 
fbfi^ibal Magarine,*^ yol. 50, p. 10.) 

z2 



not proVitli' ;i supply of atmospheric '{iii'' al»6i*e 
the fiit'l, siif!u'i(.'nt to n-convert (lie fartiuiiif bxido 
(wliifli Ikis Iifcn fonncd by p;issing the carbotlic 
acid through the mass of burning fu^l) into car- 
bonic acid; and in this process it absorbs just its 
own volume of oxygon, and it gives out another 
measm'e of heat exactly equal to that already pro- 
duced by it in the furnace, the heat from a given 
volume of carbonic acid being just double What is 
obtained from the same volume of carbonic oxide. 
The combustion of the furnace is therefore produced 
by the oxygen of the air forming caiHbonic acid 
with the lower stratum of fuel lying on the firrnace 
bars ; this is changed into carbonic oxide as it 
passes tln-ough the super-stratum of heated (Uel ; 
and this carbonic oxide is again reconverted back 
aijain into carbonic acid, by bringing the oxide into 
union with a further quantitj' of atmospheiic ait; 

(351 ,) In the case of bituminous co!vl, the economy 
of fuel nmst necessarily consist both in consuWiing 
the smoke and in preventing the escape of unde- 
composed carbonic oxide. Smoke always arises from 
one of two causes — deficiency of air, or an insuffi- 
cient degree of heat to cause the chemical union 
between the constituents of the fuel and the oxygen 
derived from the air ; and sometimes it arises from 
both these causes combined. The loss arising 
from the carbonic oxide is almost entirely owing 
to deficiency of oxygen. In open fireplaces the 
smoke is caused by deficiency of heat; inclose 
furnaces it is generally caused by deficiency of air ; 
and all the difi['erent methods which have been 
proposed for covsuming smoke in close tiimaies, 
however variously these plans may be applied, are 
all based on the principle of supplying additional 
air to the burning ftiel. Two or three ]»lans, hi- 
deed, for desiroifiiig smoke have been proposed. 



e^J»«h.i»'iill,TprppCOtlj! |:^9,,n),e^itiu»ea; but 'we .shall 
aS^Stiinquire; jfttiQ ttie wetljodK of bent-ficiully ap|p1y- 
•jjugtthe coinbiLst^ou of th« gaseous products of ci^al 
:ito. the prdinary purposes of fuel. 

(352.) A vast deal of misconception upon a, very 
;. simple subject has occurred fi'om parties interested 
, in particular inventions, discussing the general ques- 
tion of the combustion of smoke in the way best 
(Calculated to recommend their own inventions and 
r to depreciate those of others. The inquiries as to 
whether hot air or cold air is most advantageous 
l,for consuming smoke, or whether smoke is really 
1, capable of being co//s«merf after it is once formed, 
■ lOr whether the only remedy for it is to prevent its 
1 formation, are entirely of this kind. But that which 
will be found to be the fact is, that smoke is as 
. capable of being consumed as any other com- 
, bustible, and that there are many methods of 
accomplishing this both by hot and by cold air. 
The combustion of smoke, and indeed of any 
..other substance, is not to be supposed to involve 
TitS; total annihilation ; for matter of all kinds, so far 
„as our knowledge exends, is indestmctible. But the 
_. combustion of smoke is that change of state pro- 
,-duced by chemical union with other substances, 
,,whicli entirely alters its character and appearance. 
II,. (353.) The constituents of smoke can be accu- 
..fately judged of from a knowledge of the chemical 
wpomposition of the coal which produces it. Nitro- 
Q^ea^ osygen, hydrogen, and carbon, with the various 
(jijqmbinations of these bodies, namely carbonic acid, 
- carbonic oxide, carburetted hydrogen, ammonia, 
(f&nd vapour of water, together with minute portions 
i-of various resins, salts, earthy matters, and vola- 
g-jtile' inflammable vapours, must necessarily constitirte 
(,;tbe substance lyiown under the general name of 
.{fimoke, AH these substances, except the carbonic 
f^acidff are capable of further combinations witli 



atinospltCTie akr; by me»m «f » high ' tibinpQmtoiie; i i 
and practically Ibey do alt- undergo a change^M 
except that the nitrogen. etiRts in too laj-gonai: 
quantity to enable any considerable pro^JortioH' ' 
of it to combine chemically with the otlier sul>-!' 
stances. Thus, then, there is nothing to prevent 
a " true combustion of smoke '' from taking place ; 
by which means cliemical combinations are pro- 
duced, the principal being that the uncombined 
carbon whicn gives the black colour to smoke 
unites with oxygen derived from the air, and 
becomes converted into the colourless carbonic 
acid gas ; while the carbonic oxide is also changed 
into the same chemical compound — namely, car- 
bonic acid. 

As regards the actual destruction of the black 
colour of smoke, it matters but little whether hot ca* 
cold air be admitted into the ftiruace ; for so long as 
the furnace is sufficiently hot, and the quantity of 
)ur is sufficiently abimdant, the combustion will take 
place. But before the afr can enter into combustion,' 
it is necessary that it be raised to a high temperature t 
in moat cases, about SOO' or 901)° of Fahrenheit 
being required for this purpose.* When the air is 
not heated previous to its enti-ance into the furnace, 
this heat which is necessary for its combination, is 
obtained from the bodies with which it combines; 
their temperature is therefore necessarily lowered^ ■ 
by parting witli the requisite heat to raise the tem- [ 
perature of the air to that degree at which it will i 
enter into chemical union with the gaseous, and 
solid matter of the fuel. i . 

(Sfl-l.) The experiments of Sir Humphry Davy' 
on combustion,^ clearly show the necessity ofia- ' 

* tiee note to Art. 350, ante. I . 

+ " EeneHrchca on Flame,^ by Sir Htimphry Davy. ' " Plu- 
loBOphical TranBactions," Pftrt 1, for 1817; aild "Vrntrntij^tUM'^ 
Miifsazinc," vol. 50. \i. 1, ef »e^.' ■'<' "' •• -U.iihikiiiw ~ ~ 



plaf^s^hd j^€r)|&d\1aiitag$a thdit must thetrefose resull) 
franD^i^triasically lieating tbe air whichi supports 
c<niibuslj|im)« Thi^y! also entirely refute the asser-* 
tioflte- that? the rarefaction of the air by heat is 
iiqubnous to complete combustion, his experiments 
having in fact been undertaken with the view of 
testing the accuracy of a theory to this eflFect, pro- 
pounded by M. de Grotthus and others, and which 
he 'found to be erroneous. 

When Sir Humphry Davy caused a jet of hydro- 
gen gas, one-sixth of an inch in height, to bum in 
the receiver of an air pump, the flame enlarged as 
the receiver was exhausted by the pump, and was 
at its maximum when the pressure of the air was 
between four and five times less than that of the 
atmosphere ; and when a larger jet was used, the 
same phenomenon occurred even when the air was 
rarefied ten times. This effect, from a larger jet, 
was found to arise from the increased heat pro- 
duced: and the conclusion drawn from all the 
experiments was, ^^ that among combustible bodies, 
those which require least heat for their combustion, 
bum in more rarefied air than those that require 
more heat ; and those that produce much heat in 
their combustion, bum, other circumstances being 
the sandey in more rarefied air than those that pro- 
duce httle heat." The experiments also proved 
that ^' by preserving heat in rarefied air, or giving 
heat to a mixture, inflammation may be continued 
when, under common circumstances, it would be 
extinguished." When these mixtures were heated 
before combustion. Sir Humphry Davy found '' that 
expansion by heat, instead of diminishing the com- 
bustibility of gases, on the contrary, enables them 
to explode apparently at a lower temperature ; 
which seems perfectly reasonable, as a part of the 
heat communicated by any ignited body must be 



J^|p^> fotiud thilt "die pooling: po»'oi",<>ft<4fitui^^SiO*" 
( elitsfic fluids iu preventing comliusti(»ii , incvtiawfs 



, j\jtli tlu-ir cuiultiusalit)!!, and diiTiinisbes with tl|)j^r 
riiivfaftiun ; at tbt; same time, the quantity of matter 
I t'nteriiij^ iTitt) rombu>ition in given spaces, is rela- 
„ lively increased and diminished. The experiments 
on ilame in rarefied atmospherical air, show tbftt 
the quantity of lieat in combustion is very slowly 
diminished by rarefaction, the diminution oi tiae 
^ cooling power of iJie iizote Ijeing apparently in a 
..^ight-r ratio tha» tlie diminution of the heating 
. goweis of the burning bodies." When tlie rare- 
raction of the air, however, is produced by heat, not 
only is there no loss whatever ui the available heat 
(;produced by combustion, but the extensive appli- 
, cation of heated air by means of the " hot blast" 
^0 the smelting of iron, proves that there is an 
enormous increase in the effect, both on the solid 
matter of the fuel as well as on its gaseous products, 
[.■^ud the same result will necessarily occur with 
respect to all kinds of furnaces for the combustion 
of (iiel. The heated air, when carefully kept from 
inrbibing moisture, will always enter into combus- 
tion mori; readily tlian cold air ; will cause a mt^b 
greater heat in the furnace ; and will produce more 
perfect combustion of the fuel. And Sir Humphry 
Davy not only proved "that the combustion of all 
gaseous mixtures is increased by rarefaction, by 
heat," but he ascertained by his experiments, that 
a gcjieral law obtained "that at high temperatures 
gases not concerned in combustion will have kss 
power of preventing that operation, and likewise, 
that steam and vapours, which require a consider- 
able heat for their formation, will have less effect 
in piL'vcnting combustion (particularly of those 
Ijodies requiring low temperatures) .than gases , at 
t^e common heat of the atmosphere." . Tlip wpH 



^'bgyft'bl^iff and bright, in rto tray militates against 
"^'ftresfe "conclusions. 'I^e effect produced by cold 
'afir, arises from the decreased quantity of moisture 
"■^rhich'it then contains, and not from the greater 
"tlensity of the air; for Sir Humphry Davy foimd 
^that even with atmos-pheric air condensed to Jive 
'times its natural density, scarcely any appreciable 
difference could be perceived in its effects on com- 
bustion. Neither can these effects be different, 
whether the combustible be a solid or a gaseous 
body ; except that the latter would be more easily 
lowered in its temperature, and reduced below the 
-'temperature requisite for its accension. 
'' (355.) The expansion of air by heat, previous 
; to its entrance into the ftimace, cannot at all 
reduce the quantity of oxygen which combines 
I ' with the ftiel. For as air will not support combus- 
■' tion, until it be raised to a very high tehiperature 
■'(about 800° or 900°), its expansion must necessarily 
' be the same, whether this heat be communicated 
' to it, within or without the fiimace. 
' (356.) The quantity of atmospheric air required 
" for the combustion of coal is very great. Taking 
' Richardson's analysis of Newcastle coal (Table 
Xxxii. Art. 345), it appears that 355,376 cubic feet 
; of air, of ordinary density, would be required for the 
' combustion of one ton of this coal. If heated air 
'■' be used, the number of cubic feet must be increased 
^'according as the density of the air is diminished; 
' 8(J that sometimes when the air is very highly 
' heated, twice^ br even three times this number of 
''cubic feet of air may be necessary for the perfect 
■ combustion of the coal. 

^ ' ''The actual quantity of air which enters into a 
-"fUniace, where complete combiistion takes place, 
■^'iiidstbe sufficient to convert the carbon into car- 
' bonic acid, and the hydrogen into water. The for- 
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iner^ requires B'fJfi timesi aud thei latter e^htliriles 
their weight, of oxygen to' make these "Qoitabina*! 
tioiiB; and the oxygen of the air being onG-fiikh'trf' 
its total weight, we can thtis calculate the tuiantity' 
of atmospheric air re(]uired for the cftmhUKtion of' 
any particular kind of coal. ■ !iM'i") 

But this quantity of atmospheric air, large'ag; 
appears its amount, will not be sufficient for per- 
fect combustion ; for this calculation supposes that 
the whole of the oxygen is abstracted from the air 
in the process of combustion, a result which expe- 
rience proves is never practically produced. Some 
interesting ex])eriments on this subject have been 
made by Mr. Hunt,* on the furnaces of the prin- 
cipal engines in Cornwall ; and the average of the' 
analyses of the air, taken from the chimneys of the 
furnaces, after it has performed its office in the 
combustion of the fuel, shows that the mixed gases 
passing off through the chimney, contain one-tenth 
of their volume of free oxygen. The amotint of 
carbonic acid was also found to be, on an average, 
one-ninth of the total volume of the gaseous mat- 
ter passing through the chimney. It appears, 
therefore, that but little more than one-half the 
oxygen of the air is abstracted in the process of 
combustion ; and these experiments prove that 
practically it requires double the quantity of air to 
produce complete combustion in furnaces, that' 
theoretical calculations would give, when based on 
the assumption of the entire abstraction of the 
oxygen from the air. i 

(357.) Whenever the gases eliminated from 
the combustion of coal are made to unite with the 
proper quantity of oxygen, and the temperature 
of the mixture he sufficiently high, the sniokc: 
will be consumed, in whatever part of the furnace 

* " Transaction H of the Oomwiill Polytechnic Society." 1843: 
and ■' Gla-sgow Enjiineera Mitgazine," vol. iii., p. 93. 



or^jfiiles^rt^ adlmictutfe fcaloe^|dajdd)(< Thkrfaet^ hasi! 
b^mildifiputediitbutl.without ^any groutids for »ci' 
(Wng^H-It^t/hasral^fbeenl asserted t£at inore atmo- 
sphcariQ.airjis required to' produce oombustioii of 
th^ > ismoke . after it is mixed with the carbonic aeid 
formed in the iumace, than would be required 
previous to this intermixture. This is true, theo- 
retically, as the experiments of Sir Humphry 
Davy . proved ; for he ascertained, that carbonic 
adyd gas has rather a greater power of preventing 
the fmng of explosive mixtures than azote would 
have;* Perhaps, therefore, the most advantageous 
place to introduce atmospheric air would be at the 
front of the furnace ; but, in all probability, the 
difference in this respect is very small, as we have 
already «een that, in ordinary cases of combustion, 
only about one-half the oxygen of the air combines 
in the process of combustion, arising, no doubt> 
from the difficulty of sufficiently mixing the gases 
togdiher during their passage through the fumicei. 
But the longer these gases are in contact, and the 
more they are agitated and mixed together by 
passing through the different obstructions of a fiir-^ 
nace, the more likely is the oxygen of the air to be 
abstracted, and chemical combination to take place. 
And, contrary to the opinion that smoke, after it is 
once formed, cannot be burned, a recent patent 
has ' been obtained for burning the smoke of fiir*- 
naces by passing it over a second fire, at a consi-^ 
derable distance from the principal fire, with a fresh 
supply of atmospheric air; and however distant 
th£s second fire may be from the primary one, the 
combustion of the smoke is complete, and an 
immense heat is derived from these gaseous pro- 
duiCts, which, under ordinary circumstances, wbuld 

* "Philosophical Transactions," Part II., 1815 -and "Phi- 
Ib^pphical Magazine,'' vol. xlvL, p. 449. 
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(358.) The attual quantity of htot prodfloefl 'by 
diATTont qualities of coal, does not exactly depend 
upon the quantity of oxy^n with which th^ com-* 
bine. Dr. Ure made experimentsf on the actmd 
amonnt of heat griven out by several quaUties of 
coal, when constimed in a caiorimeter of very 
perfect construction ; by which, as nearly as pos- 
sible, the entire heat from the coals was obtained; 
and taking the number of pounds of water raised 
1' by tlie combustion of one pound of coal as t^e 
standard of fompiuison,* the proportions wer&— ■ 

Laaibtoii's Wall's End , 7,500 ''■''"' 

Llangennech Cofd , , ft,000 '^J^* 

Anthmcite Coal .... 13.000 ■- irttl 

The ca\ise of the less degree of heat by the cant- 
bustion of coaJs contaiuing large quantities ^f 
hydrogen, Dr. Ure considers to arise from the ^reat 
amoimt of heat rendered latent by the forma^pn 
of steam and carburetted hydrogen gas; though 
the experiments of Dalton, Davy, Lavoisier, and 
Crawford, all proved that the beat produced by 
the c(^nii)ustion of hydrogen is gieater tlian from 
any other substaiice.§ All experiments, howeverj 
figret! in proving the gieat beat which is derivable 
from the combustion of Anthraiite coal. Consi- 
derable difliculty attends its combustion, on accomit 
,gl' this kind of coal always Lireaking up ix\ tjlte 
furnace into small pieces, except it be very g;-^- 
dually heated ; and iniless tliis precaution be 

"• Se* Collier's "Patent," Art, 4ia . .;,:i t 

f "Repcrrts of the Bribieli Scientific AsBocnttai,'^ nob-iVlfi I 
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fhoec numbers i-epresent the nambec of lbs. vei^A^.at 
Witter heated 1' hy I Ih. of coiU. '^■^■nn 

f Uiv'a " DietioDtu-T of Ohemkbiy," Art. 'f GoaAmUHiimS^n 



The breakage of the coal arises from ite.,>^w 

famtoeamte ithet^lfitarior K-pwts .QQnti^ualljr jto §^p&+ 
*9.t«e)firtt»|tHci tioterieir, jM*J*til: tfee. \yhftleir$ub6*a^ 

to^< cofltl,7 .proMeute, . .thj$/. rosiilt : i witli ; tb^ ordin^yjy 
jqpmiti^s^ of. .' bituoaiiigaisr i c0^<b : . > To, : j^medy , tlus 
f iveonv^mence . with i Antbraeite , <jpal, , various: p]^u$ 
htvej.been propqged for supplying, it -with yappiu* 
of water, >in . order tp render ^ it less brittle. ■; .The 
advantages of this operation, however, are very 
questionable. For, in Americia,, where large quan- 
tities of Anthracite are burned, experiments have 
been rnade in order to ascertain the cause of 
^<He 'coiTosioA t^hifch some^^ occurs tb ' bdilers, 
frori dfeiriheys^ and stov^^ pipes, by thfe eombustlcmcff 
!Ai6tJiraclte coal f and frbrti a report bf the FratftitBh 
*|Wstiftite of Pennsylv^bia,* itappe^arf that in \Mpe 
loasfe^ the ashy deposit ha$ bfeen-found^ td €OTita?n 
Vfiariatte and ^ulphaf e of aintncmia V s6nietimtes hh 
iriucTi as three-fourths orf the d6po*it/cbnsi^tlng^ o¥ 
'^Heke '6ajts. Wh^re m6istur6 is present, the actibh 
of these salts must be much increased in activity*, 
^nd it therefore deserves serious inquiry whether 
by the addition of vapour of water, all descriptJoiis 
01 Anthracite beconie in some degree conx)sivfe, or 
ivhether the effect is peculiar to the coal of cefrtam 
cUM:ricts.f It is probable, that the destructive effeet 

* " Mechanics' Magazme," vol. xxxvi., p. 439. 

-f- Experiments have led the author to conelude that this 
tffect is not peculiar to Anthracite coal, but that coke when 
burned with moisture produces the same results. Th^ curcomr 
'fttanee i& interesting in a chemical point of view; and if more 
careful and extensive experiments show this opinion to be 
correct^ thery may give rise to important^ inquiries oonceming 
the compound uature of certain (so called) simple substances. 



■jifihiohiB^aometimeB pi'odudt'd'on''flrii*co|»pei' boUers 
hy particular kinds ofifuel, maViarise from ikmto- 
Chtnp; of this kind. Where the boiler is of stichia 
form that the fire acts particularly on the sWarj) 
edges which fomi the connection between tlie 
bc^m and sides of the boiler, instances have re- 
peatedly occun-ed of the corrosion being so active, 
that the bottom has separated from the sides as 
though it had been cut with a chisel; and in 
other cases, the surface of the boiler, when very 
thin, has been so corroded as to become full of 
holes in the course of a few months* wear (Art. 76.) 

The inventions which have been brought for- 
ward for consuming and for preventing smoke are 
veiy numerous. The following list will give a 
tolerable idea of the plans which have been pro- 
posed, and of the general methods by which the 
object is sought to be obtained. Those of which 
a description is known to have been published, 
liave a reference to such description ; but the list 
in not given as a perfectly accurate account of all 
the inventions for this purjiose, as no doubt there 
are others which have escaped the author's notice.* 

(359.) The first attempt at consuming smoke 
ap[)ear3 to have been made by M. Delesme, some 
time prior to IfifiO, by means of a stove with a 
downward draught ; Imt it was not at all suitable 
for furnaces. (" Philosophical Transactions," 1686). 

(360.) Dr. Papin (1693), proposed a plan for 
forcing air down a shaft upon the iuel, in order to 
burn the smoke of furnaces. (" Philosophical Trans- 
actions," 1697.) 

• In the following dBscriptions of tlie vmoua inventioiiit, 
there are several which profess to accomplish results utterly 
unattaiiifthle by the tneana i>ropoae<l. The stcitementa nre chiefly 
taken from the puhiialied accoonta of the varioaa plans, and 
several of them are totally contrary to the principles of solience. 
The descriptions given must not he taken as the aitthor'a 
uxplanation of llie operfttioiiR or the effects. 



^•rol(I361fi)f{<|eo^fiilWattI(l386)i' patent for eonsiimlwg 
^^moke(^ii^ admdtiing airttharou^'fbpenings in the 
ift4)jit-'(tf »thie fftamace 'door; ^and also by gradually 
(p(?J^g»fthef!Cod.ls; (^'Repertory of Arts,-' vol. iv. 
j(ilt796)i)p;226)..: ■■ 

- n (3620 G* W. Ward ( 1 792), patent for condensing 
smf>ke by drawing it, by means of an air pmnp or 
rJbelldws, >through cold water. (" Repertory of Arts>" 
vol, L (1794), p. 373.) . 

(363.) W. Thompson (1796), proposed a ftu-- 
nace to bum smoke, by letting air in behind the 
bridge. (" Repertory of Arts," vol. iv. (1796), 
|>,316,) 

(364) Roberton, of Glasgow (1800), patent for 
admission of heated air in thin streams over the 
fire door; for coking the coials in front of the 
femace: and also a hopper to supply the fiiel. 
(^'Repertory of Arts/' vol. xvL (1802), p. 364.) 

(365.) M. de Prony (1809 or 1810), Report on 
apparatus erected at the Royal Mint, Paris^ for 
consuming smoke, by two pipes passing from the 
front of the furnace door and delivering hot air at 
the: bridge. He also states that this plan had 
previously been used by MM. Clement land 
Desorraes, and others. (^^ Annales de Cbimie ; 
^nd Retrospect of Science," vol. v. p. 439.) 

(366.) Wm, Sheffield (1812), patent for hollow 
or split bridge, which delivered the air in a hari- 
zontal stream towards the front of the furnace. 
(^* Gill's Technical Repository," vol. i. pp. 16 and 
42.) = 

(367.) J. Wakefield (Manchester), a similar 
patent to the above, and of subsequent date. 
^Ud.) 

(368.) Wm. Johnson (Salford), a similar and 
subsequent patent. {Ibid.) 

(369,) Losh (1815), patent for dividing the 
furnace into two parts, lengthways ; the two comr 
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IMUtments beiiig supplied with fuel alternately, by 
which the sntoke from the fresh friel ]>assed over 
ihe luure perfectly igiiitL-d fuel, and was thus con- 
sumed. 

(370.) Bnniton (1816), patt-nt for revolving 
grate and feeding hopper ; by which the fuel was 
equally distributed over the furnace, and in small 

Quantities at a time, and thereby preventing all 
ense smoke. (" Mechanics' Magazine," vol. i. p. 
121.) 

(371.) Jo!m Gregson (ISlfi), patent for bring- 
ing air down a shalt. neai' the bridge, to promote 
combustion. Mechanical means were used to 
supply the friel by a snail wheel, moved by 
springs. ("Quarterly Journal of Science," vol. iti. 
p. 348.) 

(372.) Josiah Partes (1S20), patent for split 
bridge, precisely similar to Sheffield's jiatent of 
1812. (" Mechanics' Magazine," vol. ii. p. 250.) 

(373.) W. Pritchard (1820), a patent for a regu- 
lating weight to close gradually the fiarnace door 
so as to vary tlie quantity of air passing into 
the furnace. (" Repertory of Arts," vol. xxxix. 
1821, p. HO.) 

(374.) Mr. Marsh (1824) consumed the smoke 
of furnaces by leaving two openings in the flue at 
the back of the fiirnace. (" Gill's Technical Repo- 
sitory," vol. vi. p. 213.) 

(375.) Chapman (1324) described a plan for 
hollow furnjK'e bars, that conveyed heated air into 
the furnace through a split bridge which jjvojected 
the heated air horizontally. Also a hopper to 
supply the fuel. (" Transactions of the Society of 
Arts," vol. xlii. p. 32 ; and " Quarterly Journal of 
Science," vol. xix. p. 1 38.) 

(376.) James Nevill, patent for a fan fixed In 
the flue, which produced a rapid draught up the 
chimney. 



coifliiTBTioN/ofirasaffii^ > 3£^^' 

taffroski/tbe ;^c)oalluiia>oiiifeTtilving< ^is'tcalfctdt^*^ 
the coal over the fire m small quantities at a iitt^Sy^- 
aiuL (thus prev^etitedi the! dend^ staolce:.'"^' »<i '"^ ) 

^(378v>ii Jeffiies>i'(i824), pqAient ibr d^^i^t^f^^^ 
sntok&:by a; shower lof water. Twd cfaittiney^*!^^^ 
used^ ^nd iiieiCfmoke piassbs updone axid^dmif^^th^y 
otber^ in which latt^ a i^owier idf water Diikk fk»nvi ' 
a colander, and carries the smoke in the form bi ' 
soQt ; into' a: drain, ; (f^ '■ Mechanics' iMagazine/^ ^<pl. 

(379^) Mr« Oldhami^ of tbeJBank of England; eJin-^ > 
ployed a plan -of rocking bars^riioVed byti small: 
ecoentric on a shaft worked by the engine. - - f ! 

(380.) Wm. Taylor (1830), patent for cbh-. .; 
surniog I smoke, by forcing it through the lire 
mixed with atmospheric air by means of an dir ' 
pump. Also for a mode of pa^ising the smoke 
through red-hot pipes placed in the fiiniace among 
the ,ft^el,. which pipes form the:^nly outlet to the: • 
cbwi»ey^ .(fVRepertory of Arts,"!VoL i. (1834), 

(381.) J. C. Douglass (1833), patent for two<<c«r i. 
mq^ S^s i^ bws< ; ' (Th^ ^qaoke |r<^m> tb*/ firsit T ijest 
pa^es^fiJoiW^^i^ihelpw, a}bi5l4ge> :aud ibc»)r«lfr-lo 
war^s tbiropgh, o^ jseio^ond set qf i:bBr3iron jjfbifchri/ 
burning fiiel is placed. ("Repertory/ ofv.Art^/'i;^ 

vol,.y.,(li§3Q, B,,346.>:» i-i'-i: .vnih.rfwi^v {.C^a: 
(382,) .. J^.G/,B<>dm^rn(183^)> p^ni, .£{»;» j^^>^e|lt>r! 

siijg, ba^,mQyp4^by :TOa^W»e^^ wbicb, jre^^v^tfti^, j t 
fti^J, froiTO .3. fe€|der> f^d dipcharg?^ . the, ,^l|^py #t th^j i t 
falth^rendrof the fti^acer.,:; i r •: f ..i am /iqc!?^. 
(383.) J^chd!^d) Coad (IS^), jjatentrfor ih^ating^ a. 
the air by passing it throu^ {pipes plapV m tW 
flues, 4nddelivexingth^.a%,3;t ^^^ jm^j?^.9j5 t^yft^ 
naqe. (" Mechanicj?!. M^gazftntf,!'; v4* xxyU^p. i^7i|i-)>M ^ 
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(384.) T. Hedley's patent for purifying smoke by 
four or six flues, of which one half ascend and the 
other half descend. A shower of water falls through 
the descending flues and washes the smoke, deposit- 
ing the carbon in the form of lamp-black. 

(385.) William Richard, of Leeds, patent for gaso- 
meter applied to furnaces, so that on opening the 
fiimace-door to feed the fire, a passage is opened 
from the gasometer containing condensed air, to a 
number of holes at the back of the bridge, and the 
supply of air gradually diminishes as the fire burns 
clear. 

(386.) Samuel HaU (IS36), patent for cast-iron 
pipes placed upright in the flue at the back of the 
furnace, and then passing towards the fi"ont. The 
air is thus heated to about 300\ and the gases inflame 
in fi-ont of the furnace. (" Mechanics' Magazine, 
vol. xxviii., p. 226.) 

(387.) John Hopkins (1836), patent for a curved 
bridge, by which the smoke and gases are thrown 
back again upon the burning fuel, (" Repertory of 
Arts," vol. vii. (1837), p. 2.52.) 

(388.) Jacob Perkins (1836), patent for two sets 
of bars and two ash-pits. The second ash-pit is 
closed, and supplied with air by a fan, so as to give 
more air to that part of the furnace, and thus bum 
the smoke from the fuel on both sets of bars. 
(" Repertory of Arts," vol. viii. (1837), p. 268.) 

(389.) Joseph Chanter (1837, etc.), several patents 
for smoke burning, principally by inclined bars — ■ 
double sets of bars — air supplied through tubes 
placed undei' the first set of bars — and hot air sup- 
plied at the bridge. 

(390.) James Drew, Manchester, patent for two 
sets of bars. The coai is coked on the first set, and 
passed on to the second set, which is then raised by 
rack-work an near the boiler as possible. 
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(391.) Paul Chappe, patent for injecting small 
jets of boiling water over the fire, in front of the 
bridge. 

(392.) Ivison and Bell (1838), patent for inject- 
ing small jets of steam into the furnace, and also 
for heating the air by passing it through tubes. 
(''Mechanics* Magazine," vol. xxviii., p. 221, and 
vol. XXX., pp. 69 and 107.) 

(393.) nodda's patent for a furnace divided 
across into two parts. The fuel is first put into 
the compartment nearest the door, and afterwards 
thrown backwards to the further compartment. 
The smoke is burned by passing over the clear fire 
of the second compartment. ('' Mechanics* Maga- 
zine," vol. xxxi., p. 386.) 

(394.) Cheatham and Bayley, patent for a fan 
which catches the smoke and forces it, mixed with 
fresh air, thrpugh the ash-pit and furnace-bars, the 
ash-pit being made air-tight. 

(395.) Tl^omas Hall (Leeds), patent for dividing 
the fiimace in two compartments lengthways, which 
are supplied with fuel alternately, and the smoke 
thereby passes over red-hot fuel. 

(396.) James Nevill (1837), patent for two sets of 
hollow bars containing water. A downward draught 
is produced by the chimney drawing only from the 
lower set of bars, and the smoke burned by passing 
through the hot fiiel in contact with the bars. 
C Repertory of Arts," vol. xii. (1839), p. 220.) 

(397.) John Juckes (1838), patent for heating 
the fuel by passing it through highly-heated pipes or 
other surfaces, by which it is coked before it passes 
into the fire, which is effected by mechanical means. 
(^^ Repertory of Arts," vol. xiii. (1840), p. 122.) 

(398.) J. A. Caldwell (1839), patent for a rotary 
fan, by which air is forced into a closed ash-pit ; the 
furnace-bars are placed very close together, and a 
moveable damper is applied in the chimney, by 

2a2 
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which the velocity of tlie smoke escaping is retarded, 
and the heated gases retained longer in the fiimace, 
(" Repertory of Arts," vol. xiii. (1840), p. 83.) 

(399.) William MiUer (1839), patent for rocking 
bars, by which each alternate bar is made to move 
lengthways in opposite directions, backwards and 
forwards ; and thus preventing clinkers, and con- 
suming the smoke by allowing a free passage for 
the air through the bars. (" Repertory of Arts," 
vol. xvii. (1842), p. 143.) 

(400.) C. W. Williams (1839), patent for sup- 
plying an- in jets to the furnace, principally behind 
the bridge, by a diffusion box. The air is supplied 
cold. 

(401.) Andre Kurtz (1840), patent for three sets 
of bars; those at each end inclined, and the middle 
set lower than the others. Hollow bearing bars 
which convey heated air into the furnace. (*' Me- 
chanics' Magazine," vol. xxxiv., p. 397.) 

(402.) Junius Smith (1840), patent for a double 
fan or blower, which passes heated air with the 
smoke through the furnace-bars a second time. The 
heavy gases are allowed to fall by their gravity 
below the fan, which then forces them down, and 
filters them through gravel or sand. (" Repertory 
of Arts," vol. xvi. (1841), p. 81.) 

(403.) Baron Von Rathen (1840), patent for 
hoUow fire-bars, resting upon bearers with steps, 
forming two sides of a triangle, which allows more 
air to pass into the furnace. Also, a coal-feeder 
placed over the dead plate, which supplies fiiel 
without opening the door. (" Mechanics' Magazine," 
vol. XXXV., p. 27.) 

(404.) Godson andFoard(Jan.,1841), patent for 
a box placed below the furnace-bars with a move- 
able bottom. The box being filled with fiiel, the 
bottom is gradually raised by a lever, and supplies 
ftiel fi'om below, the smoke from which is consumed 
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by passing through the red-hot fiiel. (" Repertory 
of Arts," vol. xviii. (1842), p. 129.) 

(405.) M. Coupland (Sept., 1841), a patent for 
moveable centre bars which pass downwards into a 
box, nearly similar to Godson's. ('' Repertory of 
Arts,'* vol. xviii., p. 207.) 

(406.) F. Heindruckx (1841), patent for a fur- 
nace without bars. The sides of the furnace are 
inclined^ and a narrow opening is left at the bottom, 
the whole length of the furnace, through which the 
air enters, und is regulated by a longitudinal valve. 
(*' Mechanics' Magazine," vol. xxxv., p. 366). 

(407.) J. C. March (1841), patent for causing 
air to be blown in streams on the upper surface of 
the fuel without passing through the fire. No 
fiimace-bars are used by this plan. (" Mechanics' 
Magazine," voL xxxv., p. 492.) See also a some- 
what similar plan. Art. 360. 

(408.) John Juckes (1841), patent for a ftunace 
grating passing over rollers at each end of the fur- 
nace Eke an endless chain. The bars revolve by 
machinery, receiving fiiel from a feeder placed near 
the door, and deliver the ashes at the further end 
of the fdmace. (*' Repertory of Arts," vol. xvii 
(1842), p. 210). 

(409.) J. Prosser (1842), patent for a ftimace- 
bridge, with square holes for the admission of air. 
The bridge is fixed close against the bottom of the 
boiler. 

(410.) Kymer and Leighton (1843), patent for 
diagonal bars resting in small longitudinal troughs 
of water. A closed ash-pit is used, and a fan 
forces air through the bars and also over the fuel. 
The plan used principally for anthracite coal. 

(411.) Schofield, of Leeds (1842), proposed the 
use of very narrow furnace-bars, quarter of an inch 
wide at top, and as thin as possible at bottom, and 
two inches deep. These bars admit a larg^er 
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quantity of air than usual, and thus consume the 
smoke. 

(412.) E. Bilhngsley, of Bradford (1842), pro- 
posed a focal bridge beyond tlie furnace-bars, and 
a sliding rack or grating in front of the furnace to 
admit air. ("Mining Journal," Jan. 7, 1843.) 

(413.) E. H. CoUier (1843), patent for the use 
of a second fire at a distance from the usual fire. 
The smoke, after passing through the ordinary 
flues, is carried over this second fire, and there 
mixed ^vith an additional quantity of air, when it 
inflames, and is carried through a second set of 
flues before passing into the chimney- 

(414.) Butler's (1845) registered plan for move- 
able bridge, which opens to regulate supply of air. 
(" Mechanics' Magazine," vol, xlii., p. 50.) 

(415.) Whitele/s (1845) registered plan for 
feeding apparatus and admitting fresh air (" Mecha- 
nics' Magazine," vol. xlii., p. 147.) 

(416.) Blackwell's (1S48) patent for a double 
chambered fiimace for coking the fuel. (" Mecha- , 
nics' Magazine," vol xlix., p. 122.) 

(417.) Acock's (1848) patent for a feeding hopper 
and other improvements. (" Mechanics' Maga:- 
zine," vol. xlix., p. 554.) 

(418.) Burrow's (1848) patent for a regulating 
feed-roller to furnaces. (" Mechanics' Magazine," 
vol. 50, p. 425.) 

(419.) James Robertson (1848), patent for per- 
forated tubes to convey air into the furnace. 
('• Mechanics' Magazine," vol. 50, p. 429.) 

(420.) Grist's (1849) patent for revolving fur- 
nace-bars. ("Mechanics' Magazine," vol, 50, p. 
108.) 

(421.) Newcome's (1849) reciprocating furnace- 
bars moved by a cam. (" Mechanics' Magazine," 
vol. li., p. 67.) 

(422.) Samuel Hall (lS4f)), reciprocating fur- 
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naoe«-baFS moved by eccentrics. ('' Mechanics' 
Magazine/' vol. li., p. 286.) 

(423.) Elijah Galloway (1849), oscillating for- 
nace*bars. ('' Mechanics' Magazine," vol lii., p. 239.) 

(424.) Joseph Johnson (1849), patent for heated 
air delivered through pipes, at or near the bridge. 
(" Mechanics' Magazine," vol. lii., p. 318.) 

(425.) William Hargreaves (1850), patent for 
oscillating bars combined with a feeding-bed which 
forces the fiiel gradually forward in the fiimace. 
(** Mechanics' Magazine," vol. liii., p. 335.) 

(426.) D. L. Williams (1850), patent for hollow 
furnace-bars. (^'Mechanics' Magazine," vol. Iv., 
p. 1.) 

(427.) T. S. Prideaux (1850), patent for air-valve 
closing gradually to regulate the quantity of air 
which passes into the furnace through perforations 
in the inner door; the air becoming heated by 
passing through them. ("'Mechanics' Magazine," 
vol. Iv., p. 18.) 

(428.) George Anstey (1851), patent for passing 
smoke through a series of apertures to keep it in 
contact with flame. (" Mechanics' Magazine," vol. 
Iv., p. 75.) 

(429.) Johann Stierba (1852), patent for feeding 
hopper, and air tubes for delivering air at the 
bridge. (" Mechanics' Magazine," vol. Ivii., p. 422.) 

(430.) Sorrell's (1852) patent for oscillating 
furnace-bars worked by cams; a feeding hopper 
worked by a roller ; and for admitting air at the 
bridge of fiunace. (" Mechanics' Magazine," vol. 
lix., p. 26.) 

(431.) Green's (1853) patent for double fires, to 
be fed alternately, together with peculiar system of 
flues. ('* Mechanics' Magazine," vol. Ixi., p. 2.) 

(432.) Manley's (1854) method of descending 
stream of water, in the shaft or upright flue. 
('* Mechanics' Magazine," vol. Ixi., p. 205.) 
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(433.) W. Woodcock (!8o4), patent for air-tubes 
at sides of furnace, above the furnace-bars, deli- 
livering heated air beyond the bridge of fiimace in 
jets. ("Mechanics' Magazine," vol. Ixi., p. 410.) 

(434.) Parker's (1854) patent for a loose ov 
moveable box or bridge, pierced with holes, and 
placed in front of the ordinary bridge, on the bars; 
by which heated air isdehvered to the gases as they 
pass over the furnace-bridge, (" Mechanics' Maga- 
zine," vol. Ixi., p. 445.) 

(435.) Galloway's (1854) patent for pipes placed 
below the furnace-bars, and delivering air into a 
hollow or double bridge. (" Mechanics' Maga- 
zine," vol. Ixi., p. 458.) 

(436.) These appear to be the principal plans 
that have been proposed for effecting the combus- 
tion of snioke. With the exception of two or 
three, which are clearly founded on a misconcep- 
tion of the chemistry of combustion, they all at- 
tempt to effect the same object ; namely, to bring a 
larger quantity of atmospheric air into contact 
with the fiiel, or with the products of the first com- 
bustion. It will be remarked, that all the later 
plans, without exception, are mere modifications of 
the very earhest inventions ; and that the first six 
or eight plans described in this list contain the gist 
of the many subsequent inventions for this purpose. 
In fact, it will be perceived, that the same identical 
plans have been again and again patented by dif- 
ferent individuals ; and it is extremely doubtfijl 
whether any patent of the present day is really 
valid in law, and whether it cannot be shown to 
have been long previously known to the world, and 
free for general use. 

(437.) In most of these plans the design of 
bringing a larger quantity of air into the furnace is 
obvious. But in some few this principle is not so 
plainly developed. Among these latter may be 
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noticed the inventions in which a jet of st^am is 
thrown into the furnace, and two other inventions 
in which a shower of water falls down the flue with 
considerable velocity. In all these cases the great 
velocity of the steam and the water, give an addi- 
tional impetus to the motion of the gaseous bodies 
within their immediate sphere; and these again 
communicate their velocity to those which are 
more distant, and thus draw into the fiunace an 
additional quantity of air.* There are practical 

* This peculiar property of fluids, both liquid and aeriform, 
to commtmicate motion to other fluid bodies, not in actual con- 
tact with them, is comparatiyely but little known, and yet is 
most extensively an operative cause in many phenomena pro- 
duced by nature and by art. In very few works on natural or 
experimental science is this principle at all alluded to. The 
peculiar property in question may be illustrated by supposing a 
pipe of several feet in length, and of considerable diameter — 
say, for example, 12 or 14 inches — and open at both ends ; let 
there be also a small pipe of about one inch diameter, inserted 
into one end of the large pipe for a short distance, and let there 
be a current of air or steam forced through the small pipe with 
considerable velocity. The action of this current of air or 
steam will be such, that it will continue its course after leaving 
the small pipe, for a very considerable distance along the large 
pipe, at its original velocity, and with scarcely any lateral ex- 
pansion ; and it will communicate its own vdiocity to a very 
great body of air in the large pipe, which will thus have a cur- 
rent produced in it of considerable intensify. The distance to 
which the current passing along the small pipe will proceed, 
without losing its velocity and mixing with the aeriform fluid 
contained in the large pipe, will depend upon the initial velocity 
which is given to it ; but this distance ia vwy considerable, and 
the quantity of air is very great, which may be put in motion 
in the large pipe, by an extremely small jet of air in the small 
pipe. The currents and eddies of many rivers and lakes have 
their origin in this cause. The draught caused in the chimneys 
of locomotive engines by a jet of steam, the action of all chim- 
ney cowls, and other of the phenomena which occasionally 
present themselves in practical science, are due to this is^t. In 
the case of chimney cowls the effect is very remarkable. What- 
ever efficacy any chimney cowl really possesses, arises entirely 
fipom this cause ; though very few of the contrivers of these 
instruments ai'e aware of the fact. The only inventions for 
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the smoke tluroagfa the outer pipe. Some interesting experi- 
mMits have tat^y been ouule by Mr. Ewbank on this salgeot, 
which are given in the " Franklin Journal c^ PennsflTMua," 
and also in the " Mechanics' Magazine," voL xxxvii., p, 37i, 
S«« alM>, " Wyman on Ventilation" (Boston, 1^6). for a liill 
dewcriptiun of the effects of various forma of cowb. p|i. 351 — 
361 
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more easily obtained^ as the demand for it thus 
contimies nearly uniform throughout the whole of 
the process of combustion, instead of the very large 
additional quantity required when a fresh charge 
of coal is thrown on the fire in the ordinary method 
of supplying fuel. The use of a large dead plate 
in this way is quite sufficient of itself, without any 
additional contrivance, to consume all the smoke 
of a fiimace, provided the fire on the bars be kept 
thin, so as to allow a more ready entrance for the 
air through the fuel. Considerable attention is 
however required on the part of the fireman, that 
the fiiel on the dead plate be gradually pushed 
forward into the furnace as it becomes heated. 
When the fuel is supplied through a hopper, placed 
in front of the furnace, the necessity for opening 
the furnace door becomes much less frequent, and 
the unnecessary coohng of the furnace is thus 
prevented. Where no air is admitted except through 
the furnace-bars, there will however always be a 
considerable quantity of carbonic oxide formed 
during the combustion ; and although, under these 
circumstances, there is no smoke, the greatest 
effect of the fuel is not, by this means, produced. 
A moderate quantity of air ought to be introduced 
into the furnace, to mix with the gases distilled 
from the coal, and also to convert the carbonic 
oxide formed by the upper strata of coal, into 
carbonic acid. This air ought to be heated before 
it enters the furnace, as it thus more readily in- 
flames, mixes more easily with the heated gases of 
the ftimace, and prevents injury by the unequal 
action of cold currents impinging against the bottom 
of the boiler. It perhaps matters but little in what 
part of the furnace this air be introduced ; but the 
more it is diffused the better, as the heat is then 
less likely to become too intense on one particular 
part. Various simple methods of introducing 
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heated air may be used ; and the plan of xising two 
pipes in the manner originally employed at the 
Royal Mint at Paris (Art. 365), as long ago as the 
ear 1809, answers the purpose extremely well. 
The apertures to the pipes should be furnished with 
covers which can be partially closed ; and by the 
experiments of Mr. Houldsworth,* it appears that 
an apCTture for the air, varying from li to three 
square inches, for each square foot of the area of 
tile furnace-bars, will be sufHcient for this purpose, 
the size of the pipes varying with the nature and 
quality of the coals. 

(439.) The gradual coking of the fuel is likevme 
effected by such plans as those of Drew, Godson, 
and Coupland. Godson's plan effectually cokes 
the coal, and is perfectly compatible with any 
method of introducing additional air above the fuel 
to consume the carbonic oxide. The plans of 
Losh, Rodda, Thomas Hall, Collier, and some 
others, in which the flame from one fire passes 
over a second fire of clear bright burning fuel, is 
another mode of accomplishing the same object, 
but apparently less simple in its operation; and 
the mechanical means of continually feeding the 
fh«, used by Stanley and by Bninton, produce 
nearly the same effect as the method of coking the 
coals would do ; as by these means the evolution 
of the gases from the coal is equalised throughout 
the combustion, and the extraordinary demand for 
air, when fresh charges of coal are supplied in the 
common mode of firing, is thereby avoided. 

(440.) The method of supplying heated air 
through a spUt bridge has been repeatedly patented. 
Mr. Sheffield, in 1812, was undoubtedly the first to 
propose this plan, and his method of making the 
aperture deliver the heated air horizontally into the 

• " Report of the Select Conunittee of tlie Hotise of Comnioiia 

on thp Prevention of Smoke." p. 105. 
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fiimace, is perfectly correct in principle. The 
defect of these plans has frequently been that too 
large a quantity of air has thus been brought into 
the furnace, and the effect has been to lower its 
temperature. Mr. C. W. Williams' plan of diffusion 
would be very good, if it were used with hot air, 
instead of cold air, which latter is specially directed 
by the patent to be used; but by the former 
method, it would approach very near to the prior 
plan of Mr. Samuel Hall, differing only in being 
more simple and inexpensive. It should not, how- 
ever, be overlooked, that it is not so easy to heat 
large quantities of atmospheric air to a high tempe- 
rature as some persons imagine. When hot air is 
applied to blast fiimaces, it is found that to heat 
the air to about 600'' Fahrenheit, it is necessary for 
it to traverse a surface of cast-iron pipes at nearly 
a red heat, for a period of 1*66 minutes, or about 
one minute and 40 seconds. The mere instanta- 
neous passing of air through a heated metallic per- 
forated plate, would therefore add but little to its 
temperature, unless it were also made to travel 
through heated pipes for some considerable dis- 
tance. 

(441.) Probably one of the most effectual methods 
of burning smoke is the plan of Mr. March (Art. 
407), by blowing air downwards upon the fuel by 
a fan, and dispensing with the use of furnace-bars. 
There can be no question that a most perfect com- 
bustion of the fuel may be thus produced ; but it is 
very doubtful whether the additional trouble which 
this method would cause, and the necessity for 
a mechanical power to produce the requisite blast 
of air, will not prevent its adoption to any consider- 
able extent. A similar plan to this is stated to 
have been tried experimentally in some of the fur- 
naces used in the manufacture of iron ; and as the 
whole of the carbonic oxide must, by this plan. 
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d, theiT wil! necessarily be a consider- 
able saving of fuel.* 

(4-12.) It has been objected to the various plans 
for the admission of air to the gases above the fuel 
of the fiimace, that the air, when thus admitted, 
pre\-ents lo a certain extent the admission of the 
air ihrough the fimiace-bars, and thus reduces the 
rate of the combustion of the ftiel on the fimiace- 
bars. This to a certain extent is true, but it can be 
no ar^nient against the plan ; for it can only be 
wb«i the air is improperly admitted, and escapes 
through the tines in an unconibined state, that the 
total combustion of the fiimace can be reduced by 
the athnission of air above the fiiel. And in general 
it will follow that the heat of the iurnace being 
increased by the perfect combustion of the gases on 
the top of the fuel, the dratt of the furnace will be 
increased, and therefore there will be a greater 
tendency to the influx of airthrough the furnace-bars 
as well as thrcnttrh the other apertures. The use of 
beate<1 air. however, in preference to cold air, is far 
more likely to prevent any loss by the passing of 
air in an unccmibined state through the flues. 
When ci>ld air is used, this result is not unlikely to 
occur: for gases, at temperatures differing consi- 
derablv from each other, mix together very slowly ; 
and therefore it may otlen happen that by intro- 
ducing cold air into a ftmiace, the mixture of the 
air with the gases will not take place until they 
have passed into the Hues, and the temperature 
become too much reduced to cause their accenaon. 

(443.) The practical result of these remarks is, 

* 8mm UtwMtiiig neeurc^eB bj- iX. Ebc^en. oa Uie aiipli- 
wtuuk of tba carUxuc oxide ham blast Cunuwas, to naeful 
purptwee, haw shovn that tha Ices of ei&ct bj ihe eae»pK of 
the carbonic oxije amciutts to SS fer u«tt of tlie total qtuntUj- 
of file) cnnsuBied ia btjbsi furaams. — i " Repcttorr of ArtB," 
-' i (1843). pp. 116— 313.) 
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that there are many effectual contrivances for the 
combustion of smoke, combining the advantage of 
great economy of fuel. For this purpose, the more 
simple the apparatus the better ; and with a very 
slight degree of attention on the part of the firemen, 
several of the plans which have been described 
would be certain to succeed in abating the nuisance 
of smoke entirely, and with considerable economy 
in the consumption of fuel. The saving in fuel 
would necessarily be very considerable. In very 
few fiimaces the saving would be less than twenty- 
five per cent. ; and in many which now produce 
large volumes of smoke the saving would be con- 
siderably greater. A large amount of the present 
evil of smoke arises from most fiunaces being over- 
worked, in consequence of their being two small 
for the duty required from them. But, with a 
moderate degree of attention on the part of the 
firemen, the present fiimaces, with very slight 
alteration, could be made effectually to bum their 
smoke ; and the most effectual way would be to 
combine the plan of delivering air through nimie- 
rous small openings made in the inner plate of the 
furnace door (supplied by one or two large open- 
ings in the outer door covered with a slide) ; and 
also by allowing a fiirther quantity of air to pass to 
the bridge through pipes laid along the fiimace- 
bed. For small fm*naces either of these plans singly 
will suffice ; but for larger furnaces the best effect 
will result fi-om the two modes conjointly. Means 
must be taken to stop off a portion of the air at 
certain stages of the combustion, or there will be 
more air admitted than will be desirable. Both 
these plans have long been in use, many years 
prior to the date of any existing patents ; and the 
necessary alterations to adapt them to ordinary 
fiimaces need not involve anything beyond a very 
moderate expense. 
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(444.) Bdbre cfladwfiae IWk KMvks, a few 
artificial fitels mav' not be aoniss. A great 
of pa»i>nts faare been «fata«ied for fomnog 
bi^ the pnnci|^ of tliem all being to 
the small and refbse coal into a solid 
hoiw, A» early as 1 199, a pateot was obtained by 
M. Chabanoes for this porpose, and it is difficult to 
dacorer in what this patoit dift'is firom the varioos 
•obMquent and recent ones for the same object 
Tbe principal ingretlieats used in all these composi- 
tions are coal-dust, coke, peat, bark, saw-dust, tan, 
clay, saud, pitch, coal-tar, alum, nitre, vegetable 
matter, and animal excremenL Different persons 
combine these substances Jn different proportions, 
and some omit altogether certain of these ingre- 
dients. A very powerful and efficient fuel can be 
composed by mixtures of these substances ; and it 
appears by some experiments reported by Dr. 
Buckland to the British Scientific Association,* 
that when tried against Welsh coal, Pontop coal, 
andWylam Main coal, the artificial compound was 
found to be very considerably more powerful in > 
heatitifi effect than either of these coals. These I 
compound fuels, however, are subject to one incon- | 
venience when used by themselves in furnaces; ; 
that the coal-tar is very hable to distil fi-om the 
fiiol without being consumed, in which case it clogs 
up the furnace-bars, and partially stops the due 
aumisKJon of air. When it is used with a certain 

firoportion of ordinary coal, this inconvenience is 
tins likely to occur, and probably with moderate 
cure it may be avoided. And these methods of 
combining refuse coal, which must otherwise be 
nearly valueless, may in many places he most i 
efficiently ai)plied to obtaining a powerful and " 
useful fuel at a moderate expense. J 

* " Rpport of the Britisli Scientific Association," voL vii. 

(18.18), ]., 65. 
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Table of the Espanenve Force of Steam, in Atmospheres, and 
in lbs. per square inch; for Temperatures above 212° of 
Fahrenheit. 
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",' The presBures above three atmospheres in the above 
Table, are deduced from the experiments of MM. Dulong and 
Araea Their calculations extend only aa far as SO atmospheres; 



from thence the pressures 
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= X. Bat as Tapoors expand ^ 



vr ^'ifcC'-J .^:C"^^ rr' Fiir-iiLei. this eq[iiation must be corrected 
vc: r^h; ir 5^£rf<&.-v ^ 42ie expansion of the Tapour at the tempe- 



ArtJi894¥. 



m 



rrtm^^l4iiii1fmd ih&tefipesid(«T^^.i]ilJie(preGedmg equairiQn. 
Therefore, the volume of the yi^pKyuriub Ujiq temperature p, will 

■'is- 2l2 

VeVP^^', theTOluine at '212», bring 1 + |g^= 1-441, when the 

y/^W^e ia as^umed to .be unity at zero. The weight of a cubic 

1*441 X X 
foot of vapour will therefore be , , ^ = w. 



Table III. 

Table of the Expansion of Air and other Gfusee by Heat, when 
. - perfectly free from Vapour. 



Temperature, 
Fahrenheit's 
. Scale. 


EzpaasioQ. 


Temperature, 

Fahrenheit's 

Scale. 


Expansion. 


32* 


1000 


100" 


1152 


35 


1007 


110 


1178 


40 


1021 


120 


1194 


45 


1032 


130 


1215 


50 


1043 


140 


1235 


55 


1055 


150 


1255 


60 


1066 


160 


1275 


65 


1077 


170 


1295 


to 


1089 


180 


1315 


75 


1099 


190 


1334 


80 


1110 


200 


1354 


85 


1121 


210 


1372 


90 


1132 


212 


1376 


95 


1142 







*^* The above numbers are obtained from Dr. Dalton's 
experiments, which give an average of tIt part, or '00207 for the 
expansion by each degree of Fahrenheit. Cray Lussac found it 
to be equal to ^hr part, or '002083 for each degree of Fahren- 
heit; and that the same law extends to condensible vapours 
when excluded from contact of the liquids which produce them. 
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Table IT. 

Tahlft of nhft >*p*»f!i£c Graviny and Elxpacosioii of Wawr 

dilFereiiii Temperatur^ia. 






3 
5 



^ 
'^ 



Grarity. 



Weight 

of 

I Cabic 

Tnoh, 

Ln Grains. 



»:2 



9« 



Specific 
Gta.v Lty . 



Weight 

of 

: CaJTic 

Inch. 

in Graizu. 



?A 

Zit 
52 

r,r, 

5^ 

70 
73 
7^> 
7» 

?<2 

nr, 
u\ 

Ui 

U7 
100 

lorj 
10^; 

lOIi 
112 

IIH 



■•M>i>17 

•(;•.«»« 11 r2 
Omooo 
•OOOOii 
O'-olO 

•0«,o:V> 
'0«)0i>4 
•0007^1 
•00 f')! 

•OoirjM 

•OOI«.3 
•001 OS 
•00237 
•00278 
'OOJ523 
•00371 
•f)0422 
•0047^ 
'(t()r,ZZ 
•00r,Ir2 

'Oo^>r>i 

•007 U 
•007M5 
•00^5'; 

•Of)Jr27 
'01001 

•01077 
•01156 



•0000 
I'O'iOO 
•0000 
•f*000 
•0007 
-000^ 
<*00i 
-0002 

•ooso 

•00^.^ 

•ooss 
•oosi 

-f^f/7^ 
•0072 
'1^0«7 
•00^3 
'ffO.'J.S 
•0'.;.:2 

•0047 
'00 il 

•0035 

•0028 
•0022 
•0015 
0008 
•0001 
•0803 



•fi885 



25-2-711 
25'2-734 
•X5-2-7t.T 
•252-753 
25275.^ 
25-2-750 
252-750 
252-734 
•252 704 

2.72-^*rr 

252-621 

25-2-502 
252420 
252340 
252285 
25-2- 1 62 
25-2-058 
251045 
251 '8-25 
251-608 
251-564 
251-4-22 
2.''>1 275 
25il21 
250-06O 
250-704 
250-621 
250-443 
250-250 
250070 
24&'876 



ldl« 

124 

127 

130 

133 

136 

130 

142 

145 

143 

151 

154 

157 

160 

163 

166 

169 

172 

175 

178 

181 

184 

187 

100 

103 

•106 

100 

202 

205 

208 

212 



-0123d 
•')1310 
•01403 
-OI40<) 
•0157^ 
•01668 
t>1760 
-01853 
•01047 
-02043 
•02141 
•02240 
-02340 
-02441 
-02543 
-02647 
•02751 
-02856 
-02062 
•03068 
•03176 
•03284 
•03392 
•03501 
•03610 
•03720 
-03829 
•03939 
-04049 
-04159 
•04306 



•asia 

-0870 
-9861 
•9^53 
-9844 
•9.83*5 
-9y>7 
•981S 
•98*)0 
•9799 
•9790 
•9780 
•9771 
•9760 
-9751 
•9741 
•9731 
•9721 
•9711 
•9701 
•9691 
•9681 
•9671 
•9660 
•9650 
•9640 
•9630 
•9619 
-9609 
•9599 
•9585 



249-«77 ■ 
349-47S / 
249-2tfo ; 
249^<>53 i 
248-83« 
24*-«15 
248-391 
24S-163 
247-931 

247459 
247-219 
246-976 
24^^07 
24«-483 
246-233 
245-982 
245-72^ 
245-474 
245-218 
244^962 
244-704 
244-446 
244187 
243-928 
243 669 
243-410 
243-151 
242-898 
242-685 
242-293 






fn tlie a>)Ove Ta>)lo the expansions ai*e calciilat^ by Dr. 
VomiKH fomiula, 22 /* (1— -002 /) in 10 millionths. The 
diminution f)f Hpocific gravity is calculated by this equation : — 
•f)()()()()22 /* — •0()0()00()0472 /*. In both equations, / repre- 
H«ritH tli<j number of dogroes above or below 39* of Fahrenheit. 
Thi', al»Holute woiglit of a cubic inch of water, at any temperature, 
?iiay }m fcnind l»y multii)lying the weight of a cubic inch at 39% 
by i)w Hp«K!ific gravity at the required temperature. 
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Table V.. 

Table of the Specific Heat, Specific Gravity, and Expausion by- 
Heat of different Bodies. 
Barometer 30 Inches. — Thermometer 60". 



|o« 



Air (atmospheric) ... 

(dry) Ajpjohn 

Aqueous vapour .... 

Azote 

oxide of 

CSarbonio acid 



Hydrogen ... 
Olefiant Gas 
O^ygien 



oxide. 



Water . 
Bismuth 
Brass .... 



— wire.,. 



Cobalt 
Copper ..... 

Gold 

Glass (flmt) 

(tube) 

Iron (cast).., 
(bar)... 



Lead 

Nickel 

Pewter (fine) 

Platinum 

Silver 

Solder (lead 2 4- tin 1) 
^lelter (braas2+zincl) 
Steel (untempered) ... 

(yellowtempered) 

Sulphur 

Tellurium 

Tin... 

Zinc 



Specif Heat. 



I 



BO ^ o 



00 



55 J5 '«P 

«5 §•§ 



•a 
t8 



•2669 
•2767 
•8470 
•2754 
•2369 
•2210 
•2884 
3-2936 
•4207 
•2361 



1-000 
•0288 



1498 
0949 
•0298 



•1100 
•0293 
•1035 

0314 
0557 



1880 
0912 
0514 
0927 



Specific 
Gravity. 



1-000 

-633 

•9722 

1-5277 

1-5277 

•9722 

•0694 

-9722 

1-1111 

1-000 
9-880 
7-824 
8-396 
8-600 
8^S00 

19^260 
2-760 
2-520 
7^248 
7^788 

11^350 
8^279 

21-470 
10^470 



7-840 
7-816 
1-990 
6115 
7-291 
7-191 



Weight of 

100 Cubic 

Inches. 



Barometer 
80 Inches. 

Thermo- 
meter 60°. 



Grains. 
30-519 

19-658* 

29-65 

46-596 

46-596 

29-65 

2-118 
29-65 
33-888 
Ounces. 

57-$7 
571-7 ' 
452-77 
485-87 
497-6. 
5160 
11140 
159-72 
14583 
418^9 
450^2 
656^8^ 
478-5 

1242-4 
606-8 



453-7 

452-31 

115-1 

353-5 

421-9 

416-0 



Linear Expansion by 

180" of Heat, 

&om n"" to 2iaP. 



00186671 
-001930.00 



__ 1 

— TSTT 



00172244 
"00146606 
•00081166 
•00087572 
•00111111 
•0^122045 
•002S4836 

*00228300 
•00099180 
•00208260 
•OO25O8O0 
•00205800 
•00107875 
-00136900 



•00217298 
00294200 



— T55T 
^^ 1*46 



1004 

1 

TTST 






%* Air is taken as the standard for the specific gravity of the gaaes^ and 
wa'tor as the standard for the solids. 

The specific heat of gases has been recently investigated by Dr. Apjohn, 
and a somewhat different result obtained. (See London a/nd Edinburgh 
PkUosophieal Magazine, vol. xii. 102; xiii. 261, 339. 

The expansion in volume may be obtained without sensible error, by 
trebling the number which expresses the increase in length, where the 
fraction of its length is small. 

* Specific gravity of steam at 212° = -481 . Weight of 100 cubic inches, 14*879 grains. 



TABLB OF THE ePFKffS Or BBAT. 



Soft iron mdta (Clemient and DmonneB) 
Ifaixuituni tem^tenturv by DanKll's Pyrometer 

Ciist iron melts 

Gold melts 

Copper melts ..... 
SUto' mehs ..... 
Broon melts (cc^jper 15 parts, tm 1 part) 
Bnss melta (copper 3 parte, nac 1 part) 

„ (<x^per 3 parts, zinc 3 ports) 
Diamond bums .... 

Bronae melts (copper 7 parte, tin 1 part) 

„ (copper 3 parts, tin 1 part) 

Enuuel colours burnt 
Iron red-hot in diiyligbl 

„ ia the twilight 

„ in the dark 

Charcoal boras . 
Hmt of a common fire 
Zinc melts (D^xj 680°) {DanicU) 
Mercury boils (Bl«* GOfr') {(Mehton 655') (Dalton 
660-) {Peiit and Ihilong 656-) (Irriiie 672*) 

(Secondftt 644*) 

Linse«d oil boils ....... 

Lowest ignition of iron in tLe dark ..... 

Lead melts (Gnrton and Irvine 591*) (Crichton) . 
Steel becomes dark blue, rei^ging oa black , 

„ a full blue ...... 

Sulphur burns ........ 

Steel becomes bine ....... 

prph 

„ brown, with piirple spots 

„ brown 

Siamuth melts ........ 

Steel becomes a foil yellow ...... 

„ a pale straw colour .... 

!KnmeltB 

Steel becomes a very faint yellow .... 

Tin 3 + lead 2 + biamath 1, melts .... 
Tin and bismuth, equal parts, melt .... 
Sidi'hur melts ........ 



802 
790 
773 



640 
635 
613 

eoo 

560 
560 
£50 
530 
510 
490 
476 
470 
450 
442 
430 
334 
!83 
218 



Apf^^.JW*, 
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Table of the Effects of Heat (contirmed). 



Bismuth 5 + tin 3 + lead 2, melts 

Water boils (barometer 30 inches) 

W&n melts 

Spermabeti melts 

Tallow melts (Nicholson 127'') 

Acetic acid congeals . 

Olive oil congeals 

Water freezes . 

Milk freezes 

Vinegar freezes 

Searwater freezes 

Strong wine freezes . 

Oil of turpentine freezes 

Mercury congeals " . 

Sulphuric aether congeals . 

Natural temperature of Hudson's Bay 

Greatest artificial cold 



Fahrenheit's 
Scale. 

212- 

212 

149 

112 

92 

50 

36 

32 

30 

28 

28 

20 

U 

—39 

—47 

—51 

—91 ' 



*«* See also many other efifects of heat in Chapter IX. Fiart 1. 



Table VIL 

Table of the Quantity of Water contained in 100 Feet of Pipe, 

of different Diameters. 



Diameter 


Contents of 100 Feet 


of Pipe. 


in length. 


Inches. 


GkJlons. 


i 


•84 


1 


3-39 


H 


7-64 


2 


13-58 


H 


21-22 


3 


30-56 


4 


54-33 


5 


84-90 


6 


122-26 










Bats vC ^ 



Tabz£ vnL 

rr:-i.^iL. .•: Citesivt Fcirc*. c-f di^erer.t Substances : 
Ft Mr Gi>:*BG£ RES3niL 



oCf^tthT oleics Z^JluC 

i Ir.c 

Caacrn 
Okss 



.:«. per aciuHe mco. 

llv? eqiul to 18,6od lbs. 



151? 
75*77 
f*73 
1123 



114 



19,4^ 

13M-56 

133,152 

127,632 

72,0« 

55.872 

3^368 

33,792 

19,072 

17.968 

4^736 

1-824 



n 
n 

>r 

y 
n 



5 di^uijcc^r. leiR . . 4S2 to 6151bs. 



indi. 



Cotwr Wire 'iifeuO 302 10 

F-rr Ccmini^ee ec ibe Fianklia Ikcec«e«l* 
livii Wirv« I-^c*I icch. JfiUKfitf^beus Sl.^T ibft. per 
sntl 14 pis' eiffii. Was vhm SKzieried. 
6k*:>is CacLe Itjc .... 5^.l*}i$H&rer sanareinch 
Ditxo -iitnio (binmier budaned} TlX^OOEba. 
Ku£»£aji Iron 7^^069 Zfa& 



n 

>» 



BtS« 



Platinam. . 
Copper 
Sort Iroa . 
ILurd Iroa 

Bt XracHxanBDOKK. 

Cupper »5 -h Tii 1 . 

^veiiiib. Copper <> -i- 31alacc& Tin 1 - 

Brtfcsj ...... 

Block Tin 3 i- Lead 1 . . . 
DixiZo S 4* Zinc I . . . 
Till 4 -r Kegulua o£ AntjiinoiiT I 
Lea*! S -^ Ziao 1 . . . 

rin 4 ^ Lead I -i- Zinc 1 



190;»55 

190,771 
362^1 
304,686 

41,000 

5UX»0 
10J300 
10.000 

liooo 

4,500 
13,000 



• Vol meiif^xh oi iroo, etc.. at vuioiii» tempiuncuress a«e Chmp*. IX, F<iB"C -^ 



• / 



INDEX. 



)} 






)) 



it 

IX 

fx 

71 
it 
t1 
ft 
if 
tJ 
H 
l» 
it 



il 



it 
>i 
i) 



ii 



»J 



»> 






>> 



>i 
f} 



Absorptive power of bodies for heat 

Air vents, necessity for .... . 

Air, always discharged from boiling water 

Air vents, size of 

Air and water, relative weight and velocity of . 
„ specific heat of . 

„ relative powers of cooling . 

Air, quantity required for ventilation 

effect of glass in cooling a given quantity . 

moist, its increased power of coolmg 

quantity to be warmed per minute in buildings 

quantity that can be heated by iron pipes . 

effect produced on, by heated metals 

will only retain a certain quantity of vapour 

small quantity that imbibes moisture from wet surfaces 

heat and cold produced by condensation and rarefaction 

impure, its deleterious effects 

dry, its effect on health . . . . 

Quantity required for respiration 
ecomposed matter contained in 
its importance philosophically considered . 
factitious ; its effect on plants . 
its expansion by heat .... 
hot and cold, its effect on combustion 
rarefied, its effect on combustion 
condensed, its effect on combustion . - 
ought to be introduced above fuel in furnaces 
size of openings for admission to fUmaces . 
time required to heat to very high temperatures 
when highly heated, its injiurious effects 
currents of, effect on heatmg apparatus 
effect in the formation of vapour 
impiure, its effect on health 
how contaminated by breathing 
dew point of, important to health 
heated, its effect on health 
diminished pressure, its effect on human frame 
electric condition affects the health . 



FAGE 

. 189 

14, 44, 153 

. 14 

15 

. 15 

100, 104 

. 197 

. 102 

. 102 

. 105 

. 107 

. 101 

. 135 

. H9 

. 172 

. 206 

258, 272 

. 265 

271, 288 

. 285 

. 290 

. 292 

. 319 

. 341 

. 343 

. 345 

. 363 

. 364 

. 365 

. 135 

. 161 

. 172 

. 258 

. 269 

. 266 

. 267 

. 279 

. 281 



318 



INDEX- 



Arr, quantity required for ventilation 
„ velocity of it« discharge thmugii ttiftea 
„ quantity of to produce combtistion in famaees 

Alterations in iiize of pipes objectionable . 

Anglen, their effect in water pipes 

Angfles, vertical, their pecnliar e4R»ct on circxxIiatraD 

Animal heat, its effect in public buildings . 

Anthracite coal, its combustion 

Amott'si stove ....... 

„ re invention of Cutler's torch stove 

Ascending pipes may he smaller than descending 
„ should pass to h^^est levels first 

Asphyxia from impure air .... 

Atkinson, Mr., earfy use of hot water apparatm 

Atmospheric pressure, column of water equal to 

Backward, or reversed, circulation of water 
Bctcon, Mr., early use of hot water circulation 
Beaumont, Mr., his method of flues . 
Bends and elbows, effect of, in water pipes 
Biot, M., experiments on sonorous bodies . 
Body, human, quantity of heat from . 
Boiler, what constitutes a good one . 

„ surface, its effect on economy of fael 
,y surface required to heat a eiven length of pq>e 
Boilers, pressure on, by increased height . 
for hot water, not liable to hurst . 
various forms of, their merits considered 

heated by gas 

of small capacity, effect of . 
rapid heating of in Scotch distilleries . 
effect of projecting surfaces on 
., methods of setting them 
Boiling point of water at different pressures 
Bollea water easiW freezes .... 
Bonnemain, M., first used hot water eircvlation 
Bottom heat in hot-houses .... 
Branch pipes, effect of . .... 

„ to different floors 

Buildings, various, proper size of pipes for 

quantity of pipe required to heat 
time required to heat . 
early methods of wanning . 



ft 
ff 

tf 

If 



t1 



Capacity of Boilers, remarks on . 

Carbon, the nunntity produced by human body 

Carbonic acid gas, ({uantitv produced by combustion 

exhaled in breathing 

effect of breathing 

temperature at which it is formed 

its effect in preventing combustion 
Carbonic oxide, effect on animal life . 

,, loss of heat by, in furnaces 






108, 



3W 
34w7 

39 
32 

115 
349 
241 

238 

51 

1.38 

259 

4 

17 

42 

4 

253 

SO 

23 

115 

76 

64 

74 

17 

18 

65 

68 

69 

77 

78 

88 

124 

166 

4 

144 

19 

159 

64 

114 

112 

221 

69 
277 
346 
269 
273 
339 
347 
286 
339 



ft 
ft 



ft 



tt 



ft 
tt 
tt 
tt 



tt 



tt 
tt 



It 



INDEX. 



Carbonic oxide, heat of, in blast fiimacat , . 
Carburetted hydrogen, effect of breathing 
Cause of circulation in hot water apparatus 
Cements for joints of pipes .... 
Chabannes, Marquis, hot water apparatus used by 

Chimney cowls, action of 

Chimneys, earliest invention of 

Chimneys, rule for size of .... 

Circulation of water, cause of . 

increased velocity of 
motive power of the 
affected by light and sound 
increased velocity, how produced 
velocity of, how calculated 
affected by vertical angles 
obstructions to . 
below the boiler 
through vertical dip-pipes 
Circulation reversed, cause of . 

length of 

how stopped by cocks and valves 
how regulated by cisterns 
„ of water, known to the Romans 

Cisterns, elevated, dieir effect on circulation 
„ supply, their size and position 
„ for regulating circulation 
Climate, effect of, on longevity 
Coal, its early use in En^and . 
table of analyses of . 
loss of effect, by escape of smoke 
heat produced by different qualities 
quantity burned per square foot of furnace bars 
„ of heat iTom 
„ required to heat any building 
Cockle stoves, their heating power estimated 
Cocks for stopping pipes, their size . 
Coke, its effect compared with coal . 
Cold produced by rarefied air . 
Colour, effect on radiation 
Combustion of fuel dependent on size of furnace bars 
temperature of active 
of smoke . . . 
Davy's experiments on . . . 
„ depends on quantity of air admitted 

Compression of water, Oerstead's experiments on 
Conduction of heat, its proportion to radiation . 
Conducting power of different substances . 
Connecting pipes, size of . . ... 
Cooling, experiments on iron pipe 

power of wind 

of bodies in air and in vacuo 
relative rate of different sized pipes 
Copper boilers, injured by particidar fuels . 



it 

tt 
it 
tt 
>i 
tt 



tt 

it 



11 



tt 
tt 
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PADS 

366 

287 

8 

163 

4 

361 

226 

95 

8 

11 

22 

23 

25 

27 

32 

33 

38 

156 

42 

42 

54 

56 

223 

40 

45 

56 

263 

327 

330 

338 

348 

84 

98 

118 

243 

54 

334 

205 

185 

82 

339 

341 

343 

94 

18 

177 

191 

50 

213 

218 

178 

63 

350 



380 



INDEX. 



Copper, 4tren(^h of at low temp er aturea 

CowU for chimney<i, action of . 

Currents of air, their effect on a heating apparatus 
„ in liqiiidH, affected hy lijjht and sound 
„ in aeriform fluids, peculiar e&ct of 

Damp Walla, their cooling e€ect 
r>avy, Sir H., experimenta on combustion 
Deaths, comparative in different localities 
DepoHit in boilers from hard water . 
Dew point, mode of ascertaining 
DeW'point of air, its importance to health 
Dip pipes, effect of, on the circulation 
„ their depth estimated 
„ sometimes may be made smaller 
Doorways, mode of passing onder 
Drainage, imperfect, its effect on health 
Drains or trenches, for containing hot-water pipes 
Drying closets, necessity of ventilation for 
Drying-rooms, heating surface required for 
Dry air, its effect on health .... 
Dnmb plate, of furnace, its use 
Dutrocnet, experiments on light and sound affecting 
of water 



Cault method of hot-water circulation in England 

ff knowledge of hot-water circulation 

ff methods of warming buildings 
Eckstein and Busby, rotary float circulator 
Effect of alterations in size of pipes 
Elbows and bends, effect of in water pipes 
Elongation and expansion of pipes . 

,, „ „ how[ compensated 
Electric condition of air, ef&ct on health . 
Elasticity of the air, its effect on conduction of heat 
Evaporation in drying-roomn .... 
Evaporation of water, extremely ^mall, by highly-heated 
Evaporation, and prodvictioix of vapour, theory of 
Evaporation is produced at all temperatures 
Experiments on cooling 



Fan, ventilation by . 

Falling bodies, their velocity calculated . 

Flues, early use of by Romans 

Fluids, conducting power of ... . 

„ pressure of, the law explained 
Flue and fire surfaces of boilers, relative effect of 
Freezing of hot-water pipes, how prevented 
Franklin's stoves . . , 
Friction, pflVct of in water pipes . . . 

„ varies with size or pipes 
Furls, nrtidrial, their heating power . 
Fuel, economy of, affected by hoilor surface 



dxcolation 



v-Aoa 
. 209 

. Idi 

'23 
. 261 

. 114 

. ;J43 

261, 2ti3 
. 164 

204i 275 
. 266 
20, 156 
. 36 
. 157 
36, 157 
. 264 
. 160 
. 171 
. 173 
. 265 
. 83 



metals 



23 

144 
4 

221 

13S 

50 

30 

46 

158 

281 

178 

170 

70 



148, 202 
. 202 
. 194 



. 309 
28 

221, 224 
. 196 
. 16 
. 72 
. 166 

236, 248 

30 

. 48 

. 368 

. 64 



mwEX. 381 

PAOS 

Fuel, quantity burned, regulated by size of furnace bars . . 84 

„ should not be too thick in furhace 94 

y, artificial 368 

Furnaces, introduction of air into 347, 366 

,-, their construction 82 

Fomace-bars, their size and form . . . ... .83 

,, thin, their greater durability .... 86 

Furnaces, proper size of 82, 93 

Gaseous efflux, law of 206, 215 

Gas, heating boilers by 68 

„ relative cost of heating, compared with coal . . 68^ 251 
Gas stoves, their construction and cost of burning . . . 249 
Gases deleterious, their effect on animal life .... 286 

„ effect on vegetable life ..... 292 

Glass, effect of, in cooling air . . . . . .102, 206 

Glass roofs, effect of their angular elevation . . .106 
Glass, experiments on the rate of cooling . . .216 
Gratings for drains or trenches, size of 160 

Heat regulator. Dr. Ure's 245 

latent, of different substances ...... 200 

radiant, its effect on boilers ...... 77 

obtained from given quantity of coal .... 98 

its effect on strength of iron 130 

structure of iron affected by 131 

loss of, by placing pipes in drains or trenches . . .160 
conducting power of different substances . • .191 

specific of different substances ..... 198 

quantity required for various buildings . , . 102, 161 
in steam and water, relative effect ..... 59 

latent, its amount in steam 59 

specific of steam ........ 60 

produced by condensed air 205 

mcreases the fluency of liquids 207 

its effect on the strength of materials . , . . 208 

rteated metals, repellant effect of, upon water .... 70 

,, air, how it affects health 267 

Heating at different levels, how effected .... 52, 159 

„ by gas, relative cost of ...... 68 

„ buildings, early methods of . . . . . . 222 

High pressure, hot-water apparatus, Perkins's . . . .126 

„ steam does not scald ...... 133 

Hot-water circulation, origin of its discovery .... 4 

„ „ cause of 8 

,, pipes, quantity of heat given off per minute . .101 
Hot air stoves, construction of . . . . . . . 242 

Horizontal pipes at different levels, how supplied ... 52 

Human body, quantity of heat from 115 

Hydrogen gas, effect of breathing 286 

„ its heating effect ...... 335 

Hygrometric condition of air, its effect on health . . 265 

Hypocaustum, Roman method of warming .... 223 
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Pipes, main, relative size of . . • . • .48 

'.fj vertical, relative size of 51 

f, effects of alterations in the size 50 

' '^ discharge of water through 30 

,, connecting, size ci 50 

^ outiet and inlet, their number, etc 54 

y, relative rate of cooling 63 

Itroper size of, for dinerent purposes .... 64 
ength of, that may be heated by given boiler surface . 74 
quantity of heat they lose per minute . . . 73, 101 
„ required to heat any building 108,114,161 

„ „ to heat any quantity of air .101 

small pressure on, by running water .18 

nwnber of, does not alter the pressure . .19 

Plants, effect of various gases on 292 

Pressure, hydrostatic .17 

„ not affected by number of pipes 19 

Price, Mr. H. C, his radiating hot-water boxes .... 142 

Projecting surfaces of boilers, their effect 78 

Public bmldings, quantity of pipe to heat . 107, 114 

Radiant heat, its effect on boilers 77 

Radiation, its proportion to the total heat from pipes • 160, 185 

„ and conduction, their relative effect . . . .177 

„ effect of surface on 185 

„ effect of colour on 185 

Reflection of heat by different substances 198 

Regulation of heat of furnaces. Dr. Ure's 245 

Rendle, Mr., his tank system 143 

Repulsion of water by heated metals 70 

Respiration, theory of ; 268, 272 

„ effect o( on atmospheric air . . . . 269, 273 

Reversed circulation of water, cause of . . . .42 

Roof; effect of high angles for glass 106 

Rotary float, for circulating water 138 

Rules for estimating quantity of pipe to warm buildings .114 

Running water, pressure by, on pipes 18 

Rust, or oxydation, different on wrought and cast iron . .167 

Salt, prevents water freezing 167 

Scotch distilleries, rapid heating of boilers in . . . .77 

Sediment in water, wnat 164 

Smoke, cause of 334 

„ combustion of 341 

„ inventions for the combustion of 351 

„ quantity of heat lost by 336 

Sound, effect of on circulation of water 23 

Specific heat of steam and water 59 

„ of air and water 100 

„ general law 198 

„ of different substances 198 

Stoves, Rumford's improvements in 232 

„ Jeffery's „ 235 
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Stoves, Franklin's improvements in . 

Cutler's torch 

„ re-invented 1)y Dr. Amdtt 

Sylvester's, improvements in 

Russian and Swedish 

Candy's fire-clay .... 

Hot air and cockle 

Dr. Nott's improvements 

Cockle, their heating power estimated 

gas, their construction and cost of burning 

Joyce's charcoal . 

earliest writers on . 

best form of constrnctioh for . 

with hollow sides and back . 
Steam, latent heat of . . . 

high pressure does not scald . 

and water, relative heat of 

,, relative time of cooling 
Stop cocks, their size 
Surface of boilers, to heat a given -quantity of pipe 

„ the measure of their power 

Supply cisterns, their size and position 
Suriace of bodies, eifect on radiation . 
Syphon, its principle explained . 

principle of hot-water apparatus . 
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Table of motive power of water 
boiler surface requh-ed 
area of furnace bars . 
quantity of pipe to heat any building 
,, coal to heat any building 

radiating power of different substances 
conducting power of „ „ 

evaporation at all temperatures . 

cooling of iron pipes 

quantitv of air discharged through ventilators 
strength of iron at high temperatures 
analyses of coal .... 

reflection of heat by different substances 
specific heat of different substances . 
latent heat of different substances 
strength of copper at high temperatures 
experiments on cooling of iron pipes . 

„ frlass 

cooling power of wind on glass . 

Tank system, Rendle's 

,, must be combined with surface hdatitig 

Temperature, permanence of, how obtained 
average of different sestsons 
of gases affected by sound . 
mean, of certain seasons 
,, of perfect combustion . 

Thermometer of contact .... 
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Time required to heat buildings 
Time of cooling pipes with steahi and hot water 
Trenches or drains, loss of heat by placing pipes in 
Troughs, open, for producing moisture 

Upright pipes, relative size of . 

Valves, or cocks, for stopping circulation 
Yapoiir, its formation, in drymg-rooms, etc. 
its quantity, of rate of formation 
quantity of, from human body 
in air, qualifies excessive heat 
theory of its production and quantity . 
cause of deposition on windows . 
quantity given off by the lungs and skin 
Vase stove, Franklin's ..... 

Vegetables, effect of gases on .... 

Velocity of circulation, how increased 

of air discharged by ventilation . 

of circulation of water .... 

„ how calculated 

„ reduced by angles . 

of the wind, its effect in cooling . 
Ventilation, quantity of air required for 
rule for calculating 
by chimney draughts and heated flues 
by fans ...... 

early contrivances for . 
" necessity of, in drying closets. 
Venturi, M., his experiments on friction of water 
Ventilators, quantity of air discharged by . 
Vents for air, necessity for .... 

Vertical height of pipes, effect on circulation 

., angles, their peculiar effect on circulation 
dip pipes, their depth estimated . 
pipes, relative size of . 
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Water, hot, cause of circulation 

boiling, discharges air . 

and air, relative weight and velocity of . 

columnar pressure and weight of . 

compression of by great pressures . 

discharge through pipes, rule for . 

circulation below the boiler . 

and steam, relative heat of . 
Water-way of boilers should not be very small . 
Water, repelled by heated metals 

quantity evaporated by a given boiler surface 

quantity that can be heated by I lb. of coal 

and air, specific heat of . 

for hot-water apparatus should be clean . 

and air, relative cond^ucting and cooling powers 

motive power of . . , ". 
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